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PREFACE 


The Human Role In Space (THIIRIS) study was a 12-month effort to 
(1) Investigate the role and the degree of direct involvement of humans 
that will be required In future space missions; (2) establish valid 
criteria for allocating functional activities between humans and 
machines; and (3) provide Insight into the technology requirements, 
economics, and benefits of the human presence in space. 

The study started in October of 1983 and was completed in September 
of 1904. 

The final report has been prepared in three separate volumes: 

Volume I - Executive Summary 

Volume II - Research Analysis and Technology Report 
Volume III - Generalizations on Human Roles in Space 

This document is Volume II in the series. It is the technical 
report of the work accomplished and contains the data and analyses from 
which the study results were derived. 

The study results are Intended to provide information and 
guidelines In a form that will enable NASA program managers and 
decision-makers establish, early in the design process, the most 
cost-effective design approach for future space programs, through the 
optimal application of unique human skills and capabilities in space. 

Questions and comments regarding this study or the material 
contained in this document should be directed to: 

Stephen B. Hall 
, THURIS Study Manager 

Code P0 24 

National Aeronautics and Space Administration 
George C. Marshall Space Flight Center 
(205) 453-4196 


(or) 


Harry L. Wolbers 

THURIS Study Manager 

McDonnell Douglas Astronautics Company 

Huntington Beach, California 

( 714 ) 890-4754 
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Section 1 

INTRODUCTION AND SUMMARY 


The space project managers and engineers within NASA today are faced with 
a significant challenge. On the one hand, with the Shuttle's attainment of 
operational status, the nation's Space Transportation System (STS) has 
successfully completed one more step toward establishing the permanent 
presence of man in space. On the other hand, the competing demands on this 
nation's limited economic resources are forcing an increasing awareness of the 
need to maximize economic efficiency in achieving the goals and objectives of 
future space missions. To meet this challenge, a rational methodology and set 
of performance and cost criteria are critically needed by space project 
managers and decision makers if they are to design the most cost-effective 
man-machine systems to accomplish specific missions. 

To be of value, these assessment procedures must clearly indicate to the 
decision maker the optimal location of each activity and functional operation 
along the continuum from direct human intervention and control to independent 
system operations. 

As a point of reference, too often in system design an artificial 
dichotomy is created that attempts to classify systems as manned or unmanned . 
There is no such thing as an unmanned system: everything that is created by 
the system designer involves man in one context or another; everything in our 
human existence is done by, for, or against man. The point at issue is to 
establish in every system context the optimal role of each man-machine 
component. 

To this end, the Human Role in Space (THURIS) Study has (1) investigated 
the role and the required degree of direct involvement of humans in future 
space missions; (2) established criteria for the allocation of functional 
activities between humans and machines; and (3) investigated the technology 
requirements, economics and benefits of the human presence in space. Six 
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basic categories of man-machine interaction were considered in the study. 
They were Manual, Supported, Augmented, Teleoperated, Supervised, and 
Independent modes of operation. These categories are defined in Figure 1-1. 


Manual 

Unaided IVA/EVA, with simple (unpowered) hand tools 

Supported 

Requires use of supporting machinery or facilities to accomplish 
assigned tasks (e g , manned maneuvering units and foot 
restraint devices) 

Augmented 

Amplification cf human sensory-motor capabilities 
(powered tools, exo-skeletons, etc ) 

Teleoperated 

Use of remotely controlled sensors and actuators allowing 
the human presence to be removed from the work site 
(remote manipulator systems, teleoperators, telefactors) 

Supervised 

Replacement of direct manual control of system operation with 
computer-directed functions although maintaining humans 
in supervisory control 

Independent 

Basically independent self-actuating, self-healing operations 
but requiring human intervention occasionally (automation 
and artificial intelligence) 


Figure 1-1. Categories of Man-Machine Interaction 

The study activity was organized into four task areas, as follows: 

TASK 1 - HUMAI1 QUALIFICATIONS FOR SPACE ACTIVITIES 

The objective of this task was to provide documented information on human 
capabilities and limitations in order to establish guidelines for defining the 
human role in manual, supported, augmented, teleoperated, supervised, and 
independent modes of system operation. 

TASK 2 - SELECTED PROJECT ASSESSMENTS 

The objectives of this task were (1) to analyze a representative set of 
space missions in order to Identify a generic set of mission activities that 
may in turn be used as a catalog from which a selected number can be extracted 
as applicable to describe any future space mission (Subtask 2.1); (2) to 
develop typical timeline data and mission impact factors for each of the 
generic activities in order to be able to synthesize and compare the viable 
alternative options for accomplishing future mission objectives (Subtask 2.2); 
(3) to define the hardware and software support requirements associated with 
each activity implementation option to sufficient depth to allow cost data on 
the alternative modes of implementation to be developed (Subtask 2.3); (4) to 
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prepare comparative cost data associated with the provision, support, and use 
of various degrees of direct human Involvement in future space missions 
(Subtask 2.4); and (5) to develop a methodology for evaluating in qualitative 
and quantitative terms the impact of varying degrees of human involvement on 
the effectiveness and economy of satisfying the requirements of future space 
projects (Subtask 2.5). 

TASK 3 - TECHNOLOGY REQUIREMENTS 

The objective of this task was to identify the requirements for the 
technological developments that enable and enhance the human role in space and 
to uncover gaps that will need to be considered in both ground-based research 
and development programs and in flight experiments, as appropriate. 

TASK 4 - GENERALIZATIONS ON THE HUMAN ROLES IN SPACE 
The objective of this task was to summarize (in an easily accessible 
procedural format) the methodology developed during the THURIS study for 
selecting the optimal mode of man-machine interaction in any specific system 
application. To accomplish this objective, the information generated in Task 
1 - Human Qualifications for Space Activities , Task 2 - Specific Project 
Assessments , and Task 3 - Technology Requirements was used to develop a 
decision guide to assist space project managers in assessing the relative 
value of the various categories of man-machine interaction in meeting the 
activity requirements of future space systems. 

•The overall study flow is suircnarized in Figure 1-2. 

In the following sections of tnis document, the analyses and data 
generated and the results obtained in each of these task areas is presented. 
Section 2 describes the Task 1 analyses. Section 3 describes the Task 2 
analyses. Section 4 describes the Task 3 analyses and Section 5 describes the 
Task 4 analyses. Many different criteria can be suggested as candidates for 
inclusion in the decision process for allocating functional activities between 
humans and machines. As will be described in the following pages, the study 
team has concentrated on three principal indices: performance , cost , and 
technological readiness as an indicator of success probability. 
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With regard to performance , 37 generic classes of activities were defined 
(see Section 3) that, when combined in the required operational sequences, 
could be used to describe a. broad spectrum of potential space programs. For 
each of these activities and for each category of man-machine interaction 
(manned, supported, augmented, teleoperated, supervised, and independent 
operations), the limiting factors in terms of sensing, information processing 
and motor actions have been defined and the requirements for human involvement 
have been described (see Section 2). 

Some system operational requirements specify performance beyond human 
sensory or psychomotor capabilities (e.g., sensing outside the visible band of 
the electromagnetic spectrum, force actuation beyond normal human capability, 
or exposure to extreme pressure, temperature, or toxic environments). As a 
general rule, however, response time was found to be the most generally 
applicable discriminator between the manually controlled modes and the 
supervised and independent nodes of operation. If responses in time periods 
of seconds or less are required, then the activity is generally best performed 
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In the supervised or independent modes. Applications where speed of response 
would dictate that the activities be performed in the supervised or 
independent modes might include launch abort procedures and orbital trajectory 
corrections. If allowable response times become minutes or hours, then all 
modes night be applicable and the criteria of cost effectiveness or 
technological readiness would provide the more appropriate basis for selection 
of a particular mode of implementation. 

Wltn regard to cost , costing-models were derived (see Section 3) that 
prc»ided comparative data on the relative costs for each man-machine mode in 
performing each activity, from one to many hundreds of times. It was found 
that some system operational requirements are of such a low demand that the 
development of automated systems becomes prohibitively expensive in view of 
the benefits achieved. These comparative costing data were further refined to 
take into acount the coirenonality that can exist among the equipment items or 
resources needed to support multiple activities. 

With regard to technological readiness, it was found by the stud/ team 
that the level of readiness could provide another useful metric in the role 
allocation decision process. The higher the technological readiness level of 
a given man-machine implementation concept, the more confidence the 
decision-maker would have that the mission objectives could be met within time 
and budget. In other words, the higher the readiness level, the higher will 
be the. probability of mission success. 

For programmatic planning purposes, the schedule risk in meeting program 
milestones is directly dependent upon the readiness level. It was found that 
the tine scale required to achieve a given level of technological readiness 
depends in turn upon the degree of complexity of the system to be developed. 
For relatively simple systems, the times required to move from concept to 
operational readiness may take from 1 to 5 years. This time range often 
reflects the impact of factors other than technical progress on the 
development process, such as political or budgeting constraints or the 
availability of corollary systems required to demonstrate or aid in the 
development of the item in question. The time requirement for a more complex 
system may take even longer. 


Based upon the analysis described in Sections 2, 3, and 4, a decision 
guide was formulated that can be used to logically allocate space activities 
to alternative man-machine implementation modes based upon the criteria of 
performance, cost and technological readiness as developed In Tasks 1, 2, and 
3 of the study. Such a guide might take many forms. One procedural approach 

that appears promising, however, utilizes a worksheet format and is described 
in Section 5. 



Section 2 

HUMAN QUALIFICATIONS FOR SPACE ACTIVITIES - TASK 1 

The objective of Task 1 was to provide Information on human capabilities 
and limitations and on their application to space mission tasks. This was 
accomplished by compiling data on a large number of basic and unique human 
capabilities, defining the limiting factors relevant to these capabilities, 
and by documenting historical precedents and past experience from various U.S. 
and Russian space mission reports. 

2.1 HUMAN CAPABILITY DATA 

A detailed list of human capabilities applicable to space mission 
activities was compiled from previous studies, human factors texts, and 
biomedical references. For simplification purposes these capabilities were 
grouped into three categories: Sensory/Perceptual ; Intellectual; and 
Psychomotor/Kotor. A list of the capabilities exanined under each of these 
three categories is presented in Table 2-1. 

For each capability, a definition was provided, its characteri sties were 
identified, factors which tend to change or limit the capability were listed, 
and consents vfere made regarding the relevance and application of the 
capability to man's role in space. This data is summarized for each of the 
basic human capabilities in Appendix A. 

While considerable quantitative data were found in the literature defining 
sensory discrimination abilities and the fine and gross motor responses that 
humans are capable of making, the higher level cognitive functions are not as 
precisely defined in terns that can be used directly by system engineers. To 
address this problem of defining the "intelligent" operations of the human 
element in man-machine systems, we have borrowed the terminology proposed by 
the eminent psychologist, J. P. Guilford, in his "Structure-of-Intellect" 
model. In examining the nature of human intelligence, Guilford defines the 
dimensions of intelligence in terns of Cognition, Memory, Divergent 
Production, Convergent Production and Evaluation. 


Table 2-1 

BASIC HUMAN CAPABILITIES 


A. Sensory/Perceptual and Capabilities 

# Visual Acuity 

9 Brightness Detection and Discrimination 

a Color Discrimination 

a Depth Perception and Discrimination 

e Peripheral Visual Detection and Discrimination 
a Visual Accommodation 

a Detection and Discrimination of Tone 

o Discrimination of Sound Intensity 

o Sound Localization 

o Detection of Light Touch 

a Tactile Recognition of Shape and Texture 
o Discrimination of Force Against Limb 

a Discrimination of Limb Movement and Location 
a Detection and Discrimination of Angular Acceleration 

a Equilibrium 

a Detection and Discrimination of Vibration 
e Detection of Heat and Cold 

o Detection and Discrimination of Odors 

B. Intellectual Capabilities 

e Cognition 

a Memory 

® Divergent and Convergent Production 

o Evaluation 

C. Psychomotor/Motor Capabilities 

o Production and Application of Force 

o Control of Speed of Motion 

a Control of Voluntary Responses 

o Continuous-Adjustment Control (Tracking) 
a Arm/lland/Finger Manipulation 

o Body Positioning 


Cognition Is defined as awareness, immediate discovery or rediscovery, or 
recognition of information in various forms: comprehension or understanding. 
Information acted upon by the human element can be in the form of figures, 
symbols, semantic units, behavioral units, classes, relations, systems and 
transformations. 

The terms cognition and perception overlap to some degree. Both 
perception and cognition are concerned with input information from sensory 
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sources. Perception, however. Is concerned primarily with sensory properties 
and with the cognition of figural units. The complete cognitive process 
includes operation with symbolic, semantic, and behavioral concepts as well.. 
Perception is midway along a continuum extending from sensing at one end to 
thinking at the other. It is the process of organizing and interpreting 
sensory inputs based upon past experience. Cognition involves a broader range 
of mental acivity including awareness of semantic meaning and abstract 
concepts. 

Memory is defined as information retention or storage, with some degree of 
availability of information In the same form in which it was committed to 
storage and in connection with the same cues with which it was learned. 

Memory is distinguished from cognition per se by the ability to recall 
information having once been exposed to the Information. Memory storage, 
however. Is an essential condition or determiner of cognition. 

Divergent Production can be defined as the generation of new information 
from given information where the emphasis is on variety and quantity of output 
from the same source. Divergent Production is related . & creative 
imagination. In this process, items of information are retrieved from memory 
storage and used to generate a number of varied responses. 

Convergent Production is defined as the derivation of logical deductions 
or at least compelling inferences leading to a unique answer or conclusion. 

In convergent production the problem can be rigorously structured, and is so 
structured, and an answer is forthcoming without much hesitation. 

Evaluation is defined as a process of comparing a product of information 
with known information according to logical criteria and making a decision 
concerning criteria satisfaction. 

Planning and scheduling activities, monitoring flow patterns, target 
recognition, understanding speech patterns, etc., are examples of the 
cognitive operations that will be required in future space systems. In the 
understanding of speech, for example, peak clipping of the signal causes 
considerably less intelligibility loss than center clipping. Understanding 



the relative level of cognitive capabilities of humans In recognizing 
Information in alternative forms permits the system designer to select the 
most efficient design approach for meeting mission objectives. Memory for 
procedures, target characteristics, etc., will be essential In long duration 
space missions as will the Divergent Production operations In problem solving, 
development of alternative courses of action, and improvising In emergencies. 
Convergent Production operations are required In trouble-shooting tasks and 
Evaluation operations will be essential for assessing the level of normal or 
abnormal performance of system elements and, through comparative judgments of 
“greater than,“ “less then,“ or “equal to,“ to direct system operations in the 
most expeditious manner. 

Historically there seems to have been a belief that these “mental" 
operations are the same whether they are performed with verbal -meaningful 
information or with visual -figural Information. In fact this is not true. 
Extensive factor-analytical results have proved wrong the belief that the same 
ability is involved regardless of the kind of Information with which we deal. 
Using hundreds of tests of mental activity, Guilford has demonstrated over 
forty intellectual factors. These factors are related to tasks involving the 
processing of different types of infomatioiv ranging from figures or pictures, 
to symbols such as letters or numbers, to using words in speaking or reading, 
to responding to the nonverbal interactions in the behavior of othc-r people. 
Tasks may also require doing different things with the information such as 
predicting or anticipating outcomes; transforming the Information from one 
form to another; organizing or structuring the information into a meaningful 
aggregate, recognizing or establishing relationships between two or more itens 
by virtue of their comrton properties, or dealing with individual units or 
Items of information having unique characteristics. Accordingly, the 
description of intelligent behavior must allow for the interrelationships of 
information content and the products of the Intellectual activity witn the 
basic operations themselves (i.e.. Cognition, Memory, Divergent Production, 
Convergent Production, and Evaluation.'). 

This multidimensional model of human intellectual activity can be 
visualized as shown in Figure 2-1, where each cell in the multidimensional 
matrix represents a potentially unique intellectual activity. If intellectual 
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Evaluation 


OPERATIONS 


PRODUCTS 


CONTENTS 


Adapted From Guilford, J P The Nature of Human Intelligence, 
McGraw-Hill, New York, 19S7 



Figure 2-1. The Structure of Intellect 


abilities and activities can be described in terms of this "Structure of 
Intellect" model, and if tasks to be performed In advanced space systems can 
be analyzed in terms of these same categories, a powerful tool becomes 
available for defining the intellectual role of the human in system operations. 

Mission activities will benefit to a greater or lesser extent by the 
direct, onboard participation of man. Of the list of basic human capabilities 
summarized in Table 2-1, seven clusters of capabilities are considered key for 
establishing the extent of man's direct participation in space activities (see 
Figure 2-2). These key capability clusters are those that should serve as the 
basis for the selection of the human to perform a function rather than 
allocating the function to a machine; they are those on which the product of 
the activity will be directly dependent. The following is a list of the key 
capability clusters, with a discussion of their characteristics and importance. 

Visual Capabilities . Although specific visual capabilities, such as 
visual acuity and depth perception, can be measured and assessed individually. 
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Key Capabilities 



A Scnsory/Perceptuol Capabilities 


■ Visual Acuity 

■ Brightness Detection and Discrimination 
** Color Discrimination 

* Depth Perception and Discrimination 
H Peripheral Visual Detection end Discrimination 
o Visual Accommodation 



■ Detection and Discrimination of Tone 

■ Discrimination of Sound Intensity 
H Sound Localization 


** Detection of Light Touch 
o Tecttle Recognition of Shape and Texture 


« Discrimination of Force Against Limb 
O Discrimination of Limb Movement and Location 


Detection and Discrimination of Angular Acceleration 
Equilibrium 

Detection and Discrimination of Vibration 
Detection of Heat and Cold 
Detection and Discrimination of Odors 


B Intellectual Capabilities 




° Cognition 
o Memory 

O Divergent and Convergent Production 
o Evaluation 
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C Psychcmotor/Motcr Capab lities 


o Production and Application of Force 
° Control of Speed of Motion 
B Control of Voluntary Resoonses 
B Continuous-Adjustment Control (Tracking) 


B Arm/Hand/Finger Manipulation 



o Body Positioning 
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Figure 2-2. Key Capabilities 


almost all are used 1r, concert in tasks requiring observation and inspection. 
Visual capabilities were, therefore, considered as a unit capability in this 
evaluation. 

Man would be selectively chosen for tasks requiring visual evaluations, 
when visual capabilities were combined with intellectual capabilities, 
particularly when a subsequent action is dependent on the evaluation. 

Examples of such tasks include earth observations and laboratory examinations 
of specimen characteristics either unaided or with the use of a microscope. 
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Gross Body /Limb Activities . Similar to visual capabilities, numerous 
individual capabilities are used in concert, without distinction, in tasks 
requiring the use of arms, legs, and body torso for their conduct. For this 
reason a number of psychomotor/motor capabilities such as arm/hand/finger 
control of force, arm/hand/finger control of speed of motion, and body 
positioning were combined Into the key capability of gross body/limb 
activities. 

Man would be selectively chosen on the basis of this key capability for 
such applications as complex structural assembly involving infrequently 
repeated functions, and subsystem maintenance particularly when 
troubleshooting was involved requiring the use of convergent production or 
other Intellectual capabilities in concert with gross body /limb activities. 

Fine Manipulative Activities . This key activity is supported by numerous 
sensory modalities such as detection of light touch and tactile recognition of 
shape and texture; it Is the fine manipulative activities, however, that 
directly satisfy task objectives. Fine manipulative activities when applied 
to such functions as animal surgery and dissection and complex assembly and 
repair at a workbench usually cannot be duplicated by automated devices. Man, 
therefore, is usually essential in most tasks requiring this key capability. 

Han's greatest assets with respect to his participation in space ativities 
are his intellectual capabilities, most particularly cognition , divergent 
production , convergent production , and evaluation . Man's memory, of all 
intellectual capabilities, Is the one most easily duplicated and surpassed by 
computer activities. Although man!s memory does have some unique 
characteristics which support and reinforce the other intellectual 
capabilities, in space activity planning, man would seldom be selectively 
chosen on the basis of his memory alone. The other intellectual capabilities 
are, however, unique and are the primary reasons for the human role in space. 

Cognition . Vital to all activities requiring information processing and 
interpretation. 

Divergent Production . Essential to all tasks requiring a creative or 
innovative approach; plays a unique role in the utilization of man in space 
activities. 


/*■> 


WTtWwr^. |i 



Convergent Production . Of value to tasks, such as maintenance 
troubleshooting, requiring logical deductions. 

Evaluation . Essential to such tasks as laboratory analyses and the 
engineering evaluation of extravehicular technology experiments. 

The remainder of the capabilities listed in Table 2-1 are normally 
utilized in either an ancillary mode supporting the key capabilities, or they 
are made use of by the task designer when designing the man-machine interface. 
Illustrative examples of the use of ancillary -capabilities include the support 
that fine manipulative activities receive from tactile capabilities or the use 
of auditory capabilities to receive sound signals or alarms in a particular 
task design. 

The limits of human capabilities may be altered by both environmental and 
task-related factors. Among the most commonly examined factors are 
atmospheric stresses— hostile changes in the individual's ambient, breathing 
atmosphere. Six such stresses are identified in Figure 2-3. The severity of 
the effect of each stress is dependent upon both the intensity of the 
variation and the duration of the exposure. Each of the stresses indicated is 
capable of producing unconsciousness or death with the appropriate combination 
of duration and intensity. The indicated values are those generally 



Conccntration/lmernity of Stress 

Type of St-ess 

Performance 

Degrading 

Injurious or 
Life Threatening 

Decreased O 2 
(hypoxia) 

POj - 109 mm Hg 

P 73 mm Mg 

Increased O 3 
(O 2 toxicity* 

Pflj ~ 400 mm Hg 

P 02 ~ 1500 mm Hg 

Increased COn 
(hypercapnaF 

P C 02 ~ 20 mm Hg 

P C 02 

Increased 

temperature 

(hyperthermia) 

~ 95° F 

~ 1I0°F 

Decreased 

temperature 

(hypothermia) 

- 50° F 

- 39°F 

Atmospheric 
contamination 
(eg. CO) 

— 25 ppm CO 

— 400 ppm CO 


Figure 2-3 Limiting Factors — Effects of Atmospheric Stresses on Human Performance 
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considered to be the least Intense that will produce either performance 
degradation or injury with unlimited exposure. 

Atmospheric stresses are usually compensated for by ECLS systems, either 
in the spacecraft or associated with the EMU in EVA. Because of this, 
atmospheric stresses do not commonly restrict activities, but they do add to 
the cost of utilizing man. 

The human is susceptible to environmental stresses other than atmospheric 
and these other stress factors, like atmospheric stresses, may reach 
intensities that can produce injury or death. Stresses of the type ind : cated 
in Figure 2-4 are not as subject to being counteracted as are variations in 
atmospheric characteristics and are usually avoided by specific approaches to 
spacecraft design characteristics or mission operations. 

The Space Adaptation Syndrome (SAS) or space motion sickness has occurred 
to some degree on all U. S. space flights since Mercury and Gemini. In 
addition, 49 percent of the Russian cosmonauts have reported the condition. 

The symptoms are generally the same as those asociated with conventional 
motion sickness. They occur early in flight, peak at about 24 to 36 hours, 
but may last as long as four days. 

The occurrence of SAS cannot be predicted in any given individual. Once 
adaptation has occurred in flight, however, and it always does, the individual 
is exceptionally resistant, even to challenging exposures, for the rest of the 
flight and for a week or more postflight. 



Intensity of Stress 

Type of Stress 

Performance 

Degrading 

Injurious or 
Life Threatening 

Vibration 

0 03 g s at 
~ 4 to 8 Hz 

2 g's at 
~ 3 to 8 Hz 

Noise 

80 to 35 dB 

100 to 120 dB 

G;r acceleration 

2 to 3 g s 

5 to 6 g s 

Gx acceleration 

5 to 6 g’s 

12 to 15 g's 

Light 

Complex 

2 4 x 10^ lumens/ft^ 

Ionizing radfa ion 

- 

> 5 rads/day 


Ftquro 2 4, Limiting Factors — Effects of Other Environmental Stresses on Human Performance 
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The extent to which SAS degrades crew performance has not been measured 
with any accuracy or precision. There is some evidence that dedicated, 
well -trained crew members will perform successfully despite the effects of 
SAS. On the other hand, some activities on previous missions have been 
postponed or cancelled because of SAS. Figure 2-5 summarizes previous SAS 
experience on U. S. spaceflights. More definitive information on the effects 
of SAS or prevention procedures are not likely to be released in the immediate 
future since all such crew data are now considered NASA-proprietary. 


Human 

Capabilities 

Impacted 

Duration of Exposure (hours) 

<3 

3 12 

12 24 

24 48 

48-72 

72 96 

> 96 

Viston 

None 

Mod 

Mod 

Neg 

Neg 

None 

None 

Discrimination 

None 

Mod 

Mod 

Neg 

Neg 

None 

None 

Discrimination 

Neg 

Mod 

Sig 

Sig 

Sig 

Sig 

S<g 

of angular 








acceleration 








Cognition 

None 

Mod 

Sig 

Sig 

Mod 

Neg 

None 

Memory 

None 

Neg 

Neg 

None 

None 

None 

None 

Evaluation 

None 

Mod 

S'q 

Mod 

Neg 

None 

None 

Visual motor 

Mod 

Sig 

S.g 

Mod 

Neg 

Neg 

None 

tracking 








Manipulative 

None 

Mod 

Sig 

Sig 

Mod 

Neg 

None 

si ills 








Body 

Mod 

Sig 

Sig 

Mod 

Mod 

Neg 

None 

positioning 



















Impact Code 





(Decrease m observed capability) 




None 


(None! 





Negligible 

(Neg) 





Moderate 

(Mod) 





Significant 

(Sig) 




Figure 2-5 Limiting Factors — Space Adaptation Syndrome (Expo'ure to VVeightletsnets) 


2.2 HISTORICAL PRECEDENTS AND PAST EXPERIENCE 

It is one thing to arrive at a conclusion regarding the capabilities or 
limitations of the human for participating in a mission activity on the basis 
of empirical laboratory data and deductive reasoning; it is quite another to 
be able to cite specific examples, taken from previous spaceflight experience, 
of the astronaut accomplishing precisely what it was predicted that he or she 
could do. To identify crew operations and activities from prior space 
missions that could be used to illustrate the human capability to perform 
effectively in an actual mission situation, we examined a large number of 
documents from various sources. These included reports published in technical 
journals, such as Aviation, Space, and Environmental Medicine, Aviation Ueek 
and Space Technology, and Spaceflight; NASA Mission Reports; STS Mission 
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Debriefings; Experiment Operations Handbooks; and symposia reports’. These 
information sources were supplemented by information obtained from debriefing 
interview tapes of the Spacelab One mission and a with personal interview of 
an astronaut {Owen K. Garriott) who participated in both the Skylab and the 
Spacelab missions (see Appendix B). Study team members were also present in 
the Mission Operations Control Center to observe crew performance during the 
STS Flight 41 -C {Solar Max Repair Mission). 

Examples of human activities in space operations were selected from 
Skylab, STS, Spacelab, Salyut, and Soyuz missions and are summarized in Table 
2-2. They consist of the specific mission activity, the general crew 
activities involved, comments on important aspects of the operation, and the 
name of the source document from which the information was derived. This 
listing is not meant to be all-inclusive but rather it is intended to provide 
examples of the range of crew activities that are possible in future space 
missions. 

Many other specific examples could have been cited. On Skylab, for 
example, the crew performed servicing operations that were ne.er originally 
planned or intended to be done in orbit. Leaks in the airlock module cooling 
loops resulted in a condition where Coolanol fluid had to be added. If 
service ports had been provided in the system, it would have been a simple 
matter to replace the fluid. As it was, the crew had to install a saddle 
clamp and puncture a line in order to add Coolanol to the system. This 
potentially important role of the flight crew on a space vehicle is typified 
by the comments, general impressions, attitude and behavior of the first 
Skylab crew who are quoted as stating, "We can fix anything given the proper 
tools in space that we can fix on the ground." The experience by all three 
crews demonstrated clearly that man is the key link in enhancing mission 
success by retaining, or restoring to service, critical functions. To do this 
the man must have access in both EVA and IVA operations. 

One of the biggest problems in the Skylab EVA repair operations was the 
lack of EVA restraint devices. One of the very important lessons learned from 
Skylab about EVA operations was that the crew needed the ability to get to any 
place on the outside of the vehicle for repair jobs. An important groundrule 
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Table 2*2. Historical Precedents/Expenences as Observed in Previous Manned Mission Activities (Page 1 of 8) 


DOCUMENT 

eissici* sctivitr 

rwiWW 6t«f»IC ACTIVITIES 

COMMENTS 

Aerospace Ktdlcel 
Assoc Kay 19)4 
Annual Meeting 
Report 

• Skylab's Apollo Telescope 
Hount (ATM) film canister 
film magazine retrieval and 
resupply 

• Position nodule 

• Re-rove «s->djle " 

a fiefArtve/replace covering 

• Transport loaded 

• Mltm/mvr* B»tK»nlc»l 
Interlace 

• Skylrb's Apollo Telescope canister 
required tVA to remove, replacement 
and retrieval of film cameras/ 
nsgazlnet 

e Routine EVA 

Skylab Experience 
Bulletin |1 
Jan* If 74 

• Opening of observation 
windows In Multiple Docklrg 
Adapter (MCA) 

• Release/secur* mechanical 
Interface 

e Rewovt/replac* covering 

• Crew encountered higher than 
expected torque on window latch 
mechanism 

• Ko provided foot or body restraint 
to counteract applied torque 

o Crewman wedged body against wall 
structure 

Skylab Experience 
Bulletin #S 
September 1 $ 74 

* Corrective action during first 
EVA to repair camera door 
that had failed to remain 
open 

• o tlHtjeBistorsj/iiW villi' 

oorratlons 

• I«roler-ent crocedures/schedules 

• lnsnect/observe 

o Kexove/rcplac* covering 

o Door latching mechanism over- 
ridden 

o Ooo pinned In open position 

Skylab Experience 
Bulletin IS 
September H74 

• Deployment of sunthed* on 
Skylab 3 CVS, EVA 

e Adlutt/allqn elements 
e CorMrm/verl ft procedures/ 
scredyles/oreratlons 

* C=str>*r/r»plaee tools/eoulpment 
e T*ole**ent procedures/schedglts 

* Release/secur# mechanical 
interface 

* Reaove/replac# covering 

* Transport loaded 

• Required to erect a thermal shade 
down the side of orbital workshop 

o Required to assemble two 55 ft 
poles (11 pieces per pole), endless 
clothesline attached to each 
assembled pole 

• Two crevmen performed repair 
activity 

0 One cretman anchored at ATM 
structural strut 

• Cn# crewman positioned at 
tVA hatch 

• EVA hatch crewman assembled 
segmented poles and passed poles' 
and line to second EVA crewman 

• foies positioned a»d attached to 
CHS structure 

• Thermal shade attached to secured 
poles 

e EVA repair activity was successful 
and accomplished with minimal 
training 

Skylab Experience 
Bulletin is 
September lf74 

_ 

e EVA deployment e r damaged 
Skylab solar array wing 

* Deploy apoendsq? 

e Detect rhanoe In state or 
condition 

* Adjust/a Mgn elements 

* Oather/rrplace teolj /equipment 

* Implement proc*du r es/schedules 

* Problem solving/decision Baking/ 
data analysis 

» Release/secure mechanical 
Interface 

* Remove/replace covering 

* Transport leaded 

• Skylab 1 solar array did not deploy 

• Skylab 2 went EVA to cut debris 
strap and erect solar array wing 

• Task ••cempUihed despite lack of 
spec! 1c contingency activity 

Skylab Experience 
Bulletin |5 
September 1S74 

e Requirement to elcan 
contaminated camera Ians 
(tVA) 

a Rrclece/df«n surface coetlnos 

* talher/replace tools/equlpment 

* Inspect/observ# 

• Camera lens found to have debris from 
Skylab launch thrusters 

• Cleaned during tv* 

Skylab Experience 
Bulletin IS 
Septembfi 1974 

# Requirement to repair tilt 
and rotation gear jam on 
corollary experiment SOU 

e Activate/Initiate system 
operation 

e Deact1vMe/t»r*»1n*tf system 
system operation 
# Conf Iro/verlfy procedures/ 
schedules/ope-etlcns 
e Gither/replac* tools /equipment 
e I«pltf*nt procedures/schedules 
e Problem solving/decision making/ 
data analysis 
e Rcmova/replae# covering 

e Caar jam of experiment SOlf 

e Required to open gear box to free 
gear 
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Tabl» 2 2. Historical Precedents/Experiences as Observed in Previous Manned Mission Activities (Page 2 of 8) 



tsnasi 

emua Kami 


tesiDsu 

Skylit [iHrl«M« 
Bulletin IS 
Sep t e*6« r 1|?4 

• ItovlPHURt tt replace failed 
blood prttter « tiff on ftedlcal 
eiperlwrat «17 

• tc5j»<-rt^rt-tlg?riiuljLta«r 

• CtnnfCt/fllUOf-TCl eltc\r1(^) 

lUttlltt 

• Activete/faitUto lyttm 
operation 

• Deactlvele/terainate lyitto 
opt ratio* 

• t»U»j*/»Kvro awcMalcal 
Interface 

• llaod prtttir* caff pa KOI? 
•ap«rla»nt failed 

• Caff portion i>f tiper1*e«t wit 
rvuovtd and replaced with ipirt 
cull carried on board 

Proceeding of the 
Sky Wb lift 
Science* Sy*ooi 1«rfi 
* ASA -JSC Itport 
JSC-01J71 
Aovevber 1174 

• Conduct of e ab#rl***st *1)1, 
Hums vat 1 1 fca 1 a r Imt Ion 
(Skylit !|, III. end IV) 

• Co<**«yntcatf Irfo/wjtlon 

• C8££*ilU_m« 

• Actlvate/tnltltte syvteai 
Optra t lot 

• A4]ust/a1!go elesantt 

• Apply/rt*o*t tloawOUal union 

• Otectlvate/tenatftale tyite* 
opt ratio* 

• Detect ch4ft?o In itate or 
Condition 

• CttMr/rtplaco tools/ julpwont 

• lea 1 rant procedure* chedelft 

• foil tic* codule 

0 Rteoovf *Cdutf 

• lipartmaU cocrdvcted In ratattny 
litter cUIr 

« (iftrlaral Included 3 different teiti 
Ociittyral HUiloa teit, Kitie* 
SentltUlty Teit. Special locailfttln 
Tell 

• All SkyUb crrwaen ttrvvd at both 
tefeject and obitrvtr for taper lse*U 

Proceedings of the 

Sky lib lift 
S(!W« Svaootlw* 
«ASA-iSC lepert 
JSC-04??*. 

■ovei&er 1174 

• Conduct of tiMrlMflt Kill, 
•etabollc Activity (Sky lob 11. 
III. 4*4 IV) 

• EU&IuljUIi 

• Act i *at«/ln1t1atf tyitM 
Optra tio* 

• AdJaSt/atlga fluent! 

• *pp1y/r*«o*o tlowijltal tenser 

• twnut/jiuwHim oltctrUak 
Interface 

• Seat ttvate/tenvleate tyite* 
opt rat Ion 

t lalhtr/rtpTac? (taH/ttiltwal 
a l*plt**nt procedures/uhnoutet 

• lnsp'Ct/observe 

• letord/tiore element 

• frlt»it/.e:«rt *echeaU»l 
Utorfact 

• CtptrfaeM was perfomed on all 
«ann«d SkyUb nltilont 

• CiptrlAtnt dtt lined ta dotanolita 
Cbanyat la retlbollc activity, heart 
rate, and blocd pretturt during 
tttrtlto I* wtlgMltMftfti 

• All trtw*»n o* til «ltt1c*t fu«c tler-ea 
at both efiitrreri and twbjtctt 

Prcceedtnfi of tht 
Slylab lift 
Setters S y*xx, \ 1 «n 
MSA/JSC Crport 
J5C-C127S. 
noverbir 1174 

• Conduct of tip«rt**nl KIT?, 
Tody oatl wriiurrflwnt 
(Sky Ub II, III, and IV) 

• toliJil! 

t Act uatf/initlatt syite« 
ortrat'e* 

t Adju»t/aH?n #l*«o«ts 
t Corjayrlcatt Inf emotion 

• Ctactlvitt/ttnaUatt tyttco 
operation 

t Display r«ta 

t {wpWatftl proccdoret/Uhedolet 
t Intpect/cbserv# 
a Politic* w>-jjlt 
t Ptcord e Unentf 
t tmvt ru4ulf 

a Ttait watered in cccltlatlri thalr 
called tody fjtt Kovvwnt Device 

• Tint, 6»0C3 tenparatBre, a»d 

OtcllUlloa period recorded In lp* for 
each tiparlMrt and comunlcated to 
•reuaf 

a All SkyTab cmroca performed 
trper 1»wt 

Proceeding! of tht 
SkyUb lift 
Selene** Sy*eos1ua 
hASA-JSC tepert 
JSC-0127S 
Havenbar 1174 

# Inflight blood collection 
(SkyUb II. III. «ftd IV) 

t Allocatf/asslm/dlstrlb^ta 
t Scrolcat r**nif*'iUt1n«) 

t ActUate/inltlatf SySle* 
operation 

t Ceactl v«te/t«na1natt lyitn 
opt rat Ion 

t tathtr/replact t cola /rot tp*eit 
t Icplerwnt procedurot/scfceiaUa 
a Potltlon noddles 
a e»dult 

a Stert/rotorJ t)e«entt 

a 6leod taeplet utr* tramftrred to 
AetcvftJtl. Sa'di* frocetiart (ASP**) 
cer.trlfwjtd. and ttortd In frtettr 

a Blood tanpltt war# rcculred on all 
canned Saylab clttlont and tbpported 
tavtral taperlaantt 

Aviation Week and 
Spate Technology 
24 February 1175 

• lt<5ulrf**-ftt tt tprey a new 
reflective lijtr e* tht 
rtctlvlri am focustny 
•Irrort of tht Saiyut't 
tolar telescope 
(ScyuZ 17/SalyUt <) 

a ActUata/lftltfatt tyitra 
operation 

a Couftr*/ verify procedure!/ 
tchedulvt/oparatloat 
a Deactl vate/termlnata tyitea 
opertt l^n 
a iMpect/ooierva 
a keplacc/c lean lorfact coatlny 

e Tbit cperatlea wat apparently ce«* ty 
re-oolt control 

a Coodemtd vapor and tlry partlcsUtt 
•alter tand to collect on the cotlti 
thul effecltnf InitruAent parf or*o«ce 

aviation Week and 
Space Technology 
33 June 1*75 

• 1»Cu1rraent for ces^enawtt to 
Mnjtlly position the lalar 
telescope doe to a aalfunctlen 
of the 1«*tru*c»ts painting 
tyitra, thut salvaging their 
talar research experl&enU 
(Soyot 17/Salyut 4) 

* fcmait_lust}u 

a Adjuit/alljn alecaott 
a Covpvta data 
a CoftMr^/v*r1fy procedtrtt/ 

lctiedutai/oprratloM 
a Intpecl/obterv# 
a hroblt* solving dtcltloo <Mktn«/ 
data analytll 

• Iff crew had to position the ttatloft te 
at to dlract t^e telesccpe’t ailt at 
the center of the tolar disk 

d The crew wsad the ttelhotcope fro* the 
mdlcal su/plUt to sort accurately 
feorllor the rptatUj evlrror* ivovewenti 
If* the tupport itrveture 
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Table ?-2. Historical Precedents/Experieneet at Observed in Previous Manned Mission Activities (Page 3 of 8) 


twin 

usstrv <cri»!tr 

««VIC .CtlVITICi 

ClSiHti 

Spacef llfht 
1*1 11, Kf* 1 

January 19H 

• **o*1r**#*t t* repair TV 
(Mfi m Ityij 19 
(Soyei M/*pell* ASTf 
July 1911 

• Act1v*t*/1ftltUtt lyitM 
writlM 

8 tap«M***t |ret*tf»r«i/sch*d*ltt 
l* 1 |r*(t/Ml*rM 

• fro* It* sol »1n<i/d*c1 lion 
NlW/(«tl IMiyltl 

« **(iu*Hil 

Interface 

• ftoove /rep lace tbverlni 

8 Sfryvl 19 tmrUACif T.V. cwn 
A* 1 f U*< 1 1 08 

8 ItptlrVttUpMtM *84 (M*r« pet back 
1 AtO operation 

Ip*<«nU*t 

Val 19. ft 4 
Aprl 1 1919 

• Av7*rM«t\«s of 4 v 1 0*0 1 1 C 

1 * 1*1 lit* wulMr ur*r«4tt*a 

by »HmI s4tirtrll1*fl In* 

Salyut S (loyur 71/Ulyot S 
Joly 1114} 

~T U ? rM vJ «_c.rs-milr5 

0 [Mwnldti 

8 frolic* t*iv 1 * 9 /d»Ctst** atkln?/ 
data *MlnU 

8 Soym ?f crew requested Supplement 
weather observation* received fra* 
»n manned Mitkff irttUU* 

8 Observations made accurately pre- 
dicted starm/veather conditions not 
c8U i8«fei* by tbtfwtit rnlpocM 

Space* I f«ht 
*o1 19. »0 9 

**y 1917 

* Seyvi 79 (3<t 74) *«to«*t1c 
Co<kt*i 7*11*4 «»» 

Soyul 74 (7*4 71) •a*v*l 
dock 1*1 achieved 

8 A4jmt/*I1(8 AlMMKtl 

• CeeMrWverlfy procedures/ 
UMjIii 

* Cerr* l»i* V«t* 

8 C-*«et i»et#/t*M»l*«t8 tyitn 
operation 

8 6*t*Ct 1» tt*t# *f 

condition* 

8 Information procattlivf 
8 f»f-*ult tracking 

8 Joy»* 74 docked manually with 
S*lyvt S 

8 Soyut 79 mi ‘frustrated* (failed) 
with ftt automatic docking tyttr* 
to earlier attempt 

April 1914 
Vel 70 

No 4 

• fas trppl y *7 Sal rvt 4 

• 7rc^r«\i | docks with 

Salyut 4 <Jl* 18) Unmanned 
t*wly cmft docked 
*«toa*tU*lly 

• tijiiiiiJLr-uitltii 

8 A<ttv«l«/tft!lUt* SyltW 
eparatton 

o ConMr*/*irify procedure*/ 
ich*dwles/e#*rtt1ent 

* t**ci!v*t#/t*roH*tt lyit« 
cpcritlo* 

8 »8l8*t8/*8C«rt »-cK*i»lC*l 
tmrfit* 

8 le»o*#/r*pl*c* coverlet 

8 Transport laeded 

8 Knott control trn>H*rt vehicle 
frogrtss 1 (developed from Soyol 
spacecraft) successfully Noels 
Sa lyut 4 

8 Uf spacecraft, Used *a 

tkt manned spacecraft Soyus. 
accord!** to hovestl h intended 

for tr* Ai port operations to ensure 

lon-j-fuiKtlcelns of orbital space 
ft* 1 1 ooi *A1a of th* tounchtof 

If to c«rry o»t toils »f»0 cwrj)r*- 
8 pat 1*0 esttaimlo*! cf tho <*slr» 
of t»9 c»-bo*rd tystm *n4 
aont. to «»*rtlie OctklN? with tf* 
orbital co.w1*« Salyut 47 

Soyox 77. to deliver for to* co»- 
pl* i loti for Its pewor o8lts *nj 
dirftfMt caffoos. # 0 «lp**at, 
apMritut «rvj ooterlali for lift- 
support of crew *r4 fe^ sclaotlffc 
oiplorattoa *M «*p*r1n**ts * 

(Dcs* rat Ha is rw»tn1se*rt of th* 
9D-d*y OocklRS titrtli# carried 
out betwtfn th# u»*anft*4 Soywt 70 
and Salyvt a b«two«« 17 No* lfli and 
14 f*b 1974 ) 

a Crew Ranwally tramfomd supplies 
fro* Prvvjrtss 1 to Salyut 4. 

8 fro^rtss 1 delivered *fuel» *culp- 
**nt and supplies*, vehicle then 
filled with wiste, uMcckfd, de- 
ortlted iRd allowed to bur* up la 
the atmosphere 

St*t«t 1 1 Qfbt 

June 1978 
»ol 70 
NO 4 

• (VA inspection and repair 
(Svlyul t t>». 0« Jr. 

rim So.l.t Ilk SIM. t»»S) 

8 AdJeSt/iH?* element* 

8 Act1v*t«/ln<ll*le jyitM 
eperit loft 

8 Cwwnlcate Ulenbttloa 
8 G*th*r/frpl*C* tOOl!/tQt>1p3?ftt 
8 Inspcct/ebserv* 

8 feme*#//* place covering 
8 Transport loaded 

8 CVA objective to Inspect ‘outward 
•Ircwats" cf Salyut, to check 
faulty docklrp unit, parfera repair 
work as Rtctsiary 

a Voice 1 1rk and Naod h*ld color Tv 
camera vtllltrd en tvA 

8 Mend tools used to check and adjust 
#dulp®«nt as nrctiary 

8 'SMl-rlgld* spact suits utilized 

Sp4Ctf HfM 
Au$uit 1418 
rol 70 
No 8 

• General wort performance In 
Mifillmrm (Uyltk 11) 

* Information processing 
8 frcbltfl SfllvHg/decIslon 
ullrif/^U analysis 

8 *• fdiptatlcn to lero-^ 

Irtanrlaw with Or Joseph P. tarwlis 
Sky lab 11 science pilot 

8 Adapted te zero-? In 7 to 10 days 

8 All Skylab crew aerfcers *Hdl* ajed 
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Tabls 2-2. Historical Preccdents/Expenences as Observed in Previous Manned Mission Activities (Puge 4 of 8) 



ftiaiM-Miimi 

imsisiSLMsiiK aiiuim 

CEUm 


— 


• Physiology was eery stable-adapted 
Mil to wolghtlesinrts 

• ‘Marvellous fooling, some uncomfort- 
able aspects, stuffy nose, sleepy 

it tl-ts • 

• no levact cn, or Impairment of, 
•onto) functions 

Spactf light 
Hinh 11)1 

vel 21 
*» J 

• tenoral performance In 

(Say«l 30/ 

Salyut 8) 

• Information pnxm1»i 

• Problem lotvlng/declsle* 

Mkt*i/f«U analyilt 

• t» Adaptation to Zero-g 

Joint mil 4 Polish effort (crew) 

• Adaptation time confirmed, 

•first day* defined as negattvo 
•well balng • 

• Reported as "Our day Hat been 
strenuous, because on the first day 
of adaptation to weightlessness c nr 
sense of well-being has to Improve, 
but wort oust not suffer Today we 
were engaged on medical and biolog- 
ical research and checked on the 
filling with blood cf tPe vessels 
of the brain and various parts of 
the body Than wo conductod techno- 
logical experiments Apart from 
that It was necessary to transfer 

• 11 the equipment Mich Soyul 23 
had brought to the Salyut 4 orbiting 
station.* 

SpaceflUM 
July ID 1 
v»l 21 

Kt 1 

• Requirement to purge defective 
fuel teak (Soyuz 32/Sa lyut 4/ 
Progress April 11)1) 

lhiiiu? tt,,,W 

• Costal cats Inforsatlo* 

• Ccnf Ira/ verify procedures/ 
ichtdulei/ofarstleu 

• Deactlvate/termlnato system 

•per# tic* 

• Genet ctidftf* In Itat* or 
condition 

• It® Jtorrt prccedaret/sthedolei 

• Reltese/sfcert wchaalcil 
interface 

• Cmwa/reptac* covering 

• Soyut 32/Sa lyut 8 required purge of 
defective fuel tank 

• Defined as perforate blitter 
separating nitrogen ges f roe feel 

e (evolve entire space station complex 
about common center cf gravity to 
aid In allying fuel tart 

• Transfer fuel to other two tanks 

• vent tnply tank to space and purge 
with nitrogen 

Spactf i ight 
Octoiar 11)9 
Yol 21 
No 11 

• Deployment of ervcteble 
'wtrilU* antenna 
(Salyut 4/Progrttt 9) 

' 

t Actlvete/lrltlat# tyltM 
operation 

• Adjust/allgn element* 

• C-r»inicatt luforvsitlon 

• Conf ira/ver 1 fy procedures/ 
ichedales/cpcratlens 

• Oepley/re tract apperdage 

• Cetict change In state or 
condition 

• leple-seet procedures/schedules 

• Problem solvlrg/dec It Ion 
meklng/data analysts 

e Salyut 4 antenna failed to deploy 
tutevatlcally 

e (round control utilized Progress 9 
(unearned cargo craft) TV cameras 
to determine problem 

e lettote control of the radio tele- 
scope movement and the erection of 
Its antenna was achieved from 
ground control 

Spaceflight 
April 196) 
Yo 1 23 

*o 5 

• Planned repair, maintenance 
ar.rf scientific eicartunts 
( Soyut T-4/Salyut 4/ 
Progreii 12) 

• fjti 

• Activate/ initiate system 
operation 

• Allocate/assign/dlstribute 

• Conf trm/verlfy procedures/ 
scheduU»/op« return 

• Oeactlvete/tenalnate system 
operation 

• Display data 

• Implement proceduroi/schedules 

e Soyui T-4 crew (2) pregrajrwtf for 
repelr 4 maintenance of Salyut b 
as Salyut 4 It 'not quite the last 
of the series* 

e Space factory eiparlnmnts also 
planned 

STS-1 Orblter 
Million Seport 
JSC 1)3)8 
Au?-lt 1981 

• Manual control of flow velvet 
to obtain cabin wane air 
(51S-1) 

• Adjust/allgn elements 

• Infcrmt Un processing 

• Inspect/obstrve 

• Preble* solvlng/det Itlcn 
■afclng/deia analysis 

e Curing first sleep period cabin 
warm air system failed to respond 

e Trocaratue selector set at 

- 451 lit 

- 5tt - Qttt 

e System did not respond until crew 
•ptnnee* the eechengyr bypass 
valve In the full wa,m position 
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cocvmht 

aissiov 

tmuete wat.it Kimnii 

CC**{*T5 

STS-1 Orblltr 
Million Report 

jsc mta 

August 1181 

• Actuation tf override control 
to open mutter n iter 
tracker (STS-1) 

o Conf Irm/verlfy procedures/ 
schedules/ope rations 
o Define proctdwrei/schedulei/ 
operation! 

# Implement procetfures/sthedulfl 

• Problem soNlng/dec Won 
maklng/dala analysts 

• Star tracker shutters net cycling 
open end dosed as espected 

O Crew analysed problem, shutter 
not responding to auto control 

o Manuel override of shutter by crew 
solved problem 

spacer Hint 
October Ilf) 
Vol 
MO 

• Crow observations of (llattlc 
tones fer the tmMt of 
agrtceltwr* (Salymt i) 

• CoewjMcete Information 
o Information processing 

• Impect/ebierve 

o Problem tolvlng/dec Worn 
aaklng/deta enelyili 

• Pursuit tracking 

o The flight began at the time of 
lowing end ended just after thn 
harvest 

o The rw monitored the progress of 
tho growl rg i«eion end spote to eiports 
In forestry, glaciology, agriculture 
end other disciplines 

o The crew very accurately predicted 
harvest yields U various growing areas 

Spacer light 
October 1112 
vol 
Mo 

• (nrttuy rtpilr m tfco 
tlene-f ttau*f»y detector 
(Sa.yut «) 

• frt?li!tp •^nlpiiltilon tf rtltcti 

e When the detector malfunctioned, the 
crew was abte to disassemble the unit, 
fashion a pin to replace the mal- 
functioned pert and reassemble It 

o Im poet /observe 
0 Problem solvlng/dec Won 
msktng/data enelyili 
• leleeie/iecure cetlinUil 
Uterfece 

STS 2 Orfelt or 
Minion Report 

jsc nisi 

February 1182 

• CtT replactetrt 
(SIS-2) 

• Activate/Initiate tyitea 
open t ion 

• Adjust/allgn eleeents 

• Connect /disconnect electrical 
Uterfece 

• 6*ect Weto/t*r*iMt* system 
operation 

t Gather/reptece too !« /tout roe* t 
o Implement procodurei/acMedulei 
o Position module 
o leleete/iecure nechiAldl 
Interface 
o Remove module 
o Stcre/racord element 

e Display unit fl CIT failed during 
em-ortlt operations 

e Crew removed fell** unit 

e Crew replaced felled unit with 
display unit from aft station 

STS-1 Orbtter 
Minion Report 
JSC imi 
February MM 

o Reset tf open MS If circuit 
broiler 
(STS-1) 

e Act Wate/Ultlate system 
operation 

• Ccnnect/dliconnect electrical 
Uterfece 

• lnspect/cbserve 

0 Prv&lea solvlng/dec Won 
mrktng/data enelyili 

e Curing day-2 MS operations, the 
MS wrtst/ettow Tf camera circuit 
breaker opened 

e Crew reset breaker 

e Resetting breaker did not solve 
problem 

e Trouble shooting Isolated problem 

to ticess We currant draw h* rlbcM 

~0 CRT did not respond to entry Input 
at keyboard 

o Crew performed Malfunction procedures 

e Problem Isolated to stuck keyboard 
switch 

o Switch replaced from aft keyboard 

o Substituted switch cleared problem 

STS-J Crblter 
Minion Report 
JSC 163*8 
June 1162 

o CRT keyboard witcT replace- 
ment (STS-3) 

e Activate/initiate system 
operation 

• Conf 1r*/ver1fy procedures/ 
schedules 

e Cornet t/di sc onrect eiectrfeal 
Interface 

t Deactlvete/temlnate system 
operation 

e Define procedure t/schedulei 
u Position nodule 
e Problem solvlng/dec Won 
naklng/data analysis 
o Celease/stcure mechanical 
Interface 
e te«o«e module 

STS-3 Orblter 
Minton Report 
JSC 163*8 
Juno 1982 

o Actuation of payload tay 
(H «w> uwrit Crev 
resets Imkir ***4 comi^i 
camera itert end itop 
(STS-3) 

t Activate/, Initiate system 

operation 

e Cor.f 1rm/v*Mfy procedures/ 
e Slath camera popped a circuit 
o Detect change in state or 
condition 
• Inipect/otsarve 

o five of sli payload bay H «n movie 
cameras feTed 

breaker 

o Breaker was reset 

o Camera felled ta stop on cowsand 
from crew 

• SOI of film run off before camera 
stepped 
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fiOCVRCNT 

mum* ttnvnr 

t«tww ftutflc KtlYITIH 

cqytwTs 

5TS-3 Orblter 
Rlsston Report 
JSC 16348 
Juft# HI? 

• Closing of payload port door 
Actuator stalled during latch 
closure (STS-3) 

• Aetlvate/lnltlatft system 
operation 

• Conf Irc/verlfy procedures/ 
schedules 

• D#t#ct chang# 1ft tUt# or 
conditio* 

• loplrmnt procedures/schcdulft 

• Inspect/obserue 

• Actuator failed after approximately 
23 ftrt of orblter In till-tun 
attitude 

• Cr*w reorients to fop-tun attltud* 

• Crew recycles door 

• 8o«r successfully dated and latched 

JTS-3 Orttt«r 
Mission Report 
JSC 19348 
Juft# 1882 

• Trenwelsslon of volet oft 
wireless tr»u coca* -vnl V * 
(STS-3) 

• Actlvetf/tnUlate system 
opt rat leu 

ft Coevauntcitft Information 

• Coftnc(t/d1«coftft«ct #1#ctr1cAl 
Interface 

ft DeeclIvfttft/termJnatft system 
conditio* 

• fi#t#ct change In itat# or 

• condition 

ft Gather/replaCft tools /equipment 
Iepl#»eftt procedure s/schedu l» 

• Ptlease/stcure mechanical 
fnterficft 

• STS-J CCI*S unit failed to transmtt 

• Unit would receive signal 

• 8 e ported malfunction to ground 
control 

ft 8atler1«t replaced 

• Unit fallt to transmit 

• Spare UCCU was deployed and 
coataut Icatloni were restc’ed 

Sl-1 Operational 
Systeot 

Ce&rtef Ing 
Dftwfeir 1883 

• Central wort performance In 
Mtghllfitnttt 
(STS-8/SI-1 ) 

• Information processing 

• Problem solvlng/deelslcn 
maklng/data analysts 

ft STS-8/SL-1 

• AH crew activity during first •on* or 
tw days* was too heavy to do 
acclimatization to zero g 

o Cue to need to acclimatize to zero g 
th# first day or two should b# 
planned as low work activity periods 

o Each crev member reported that it 
took between two and three days to 
really accltaotti* to zero g 

Sl-1 "ptratlonal 

Syitw 
Cebrtef Iftf 
Ceceaber 1803 

• Hydrogen 1ft drinking water 
(STS-f/St) 

• Detect chang# In itate or 
condition 

« leplcncrt procedures/schedulet 

• Information processing 

• Problem solvlng/declsto* 

maklng/data <n#lyt1t 

o STS-8/St-l 

tear end of mission crow found 
hydrogen In drinking water 

• Crew Improvised means of extracting 
hydrogen from water 

Sl-1 Operational 
SyUw 
Debriefing 
Oectnfcer 1893 

• loud noises free structure 
In half hour t two hour 
Ifttirwlt (STS-8/SI-I) 

• Detect thang* In state or 
condition 

• Information processing 

• Inspect/cbserv* 

• Probltm soWIng/decI lion 
mafcing/data analytic 

• STS-8/SI-1 

Crew observed loud noises 

• Estimated at 89 db level 

• Thought to b* coinciding with hot/ 
cold cases 

• r**h energy Involved 

Sl-1 Operational 
Systeas 
Debriefing 
Dece^er 1883 

t Minor difficulty 1ft opening 
orblter hatch (STS-8/SI-1) 

» Detect chang# In ttat# or 
condition 

• ReUest/iecurt ecchanUal 
Interface 

• temovt/repltca covering 

• ST5-8/SI-1 

Hatch difficult to release 

a Residual spring tension In hetch 
tmchinism 

• Possible (unconfirmed) delta P 
across hatch 

St-1 Operational 
Systems 
Debrief Irg 
December 1883 

• Manual performer*# ef ortlt*! 
«antuverlrg (SIS-8/St-l) 

• Actlvatf/lnltlatft system 
operation 

• Adjust/al gn elements 

• Ccxr'Kinlcate Infomatlon 

• Conflra/verlfy procedures/ 
schedules/operatlons 

• Oeecttvate/termlnate system 
operation 

e Information processing 

• Problem tolvlng/decltlon 
maklng/dale analysis 

ft STS-8/St-l 

Performed 218 maneuvers on-orbtt 

• |« o* ?lk maneuvers were real time 
changes/addltloM 

• Tiring to orblter crev 

• Recommend automatic maneuvering In 
future 

Sl-1 Operational 
ly»tn»v 
Debrief 1 nf 
December 1883 

• fltvljlcn 1ft procedures 
SIS-8/SI-1 

• Act Wate/lnltlat# lyttw 
operation 

• Co*v>untcata Information 

• Ccnf tra/verlfy procedures/ 
e Deectlvate/tenatnat# system 

operation 

• STS-8/St-l 

• hew and/or revised procedures not 
good practice 

• Cause of concent to crev 
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Mtvsei 

mssir* fCTiwri 


ejmsu 



• 

lopift*ent procedures/tchadwla* 






Information proem Inf 

• 

Train and use In situ 



• 

Inspect/observe 



Sl-1 Operational 

• Rework of ftuld physics 

• 

ActUate/lnltlate systoo 

• 

3TS-1/SC-1 

System 

(eotuaft) txptrlaen t In real 


operation 


fluid physics experiment did not go 

Debriefing 

ttM (STS-S/51-1) 

• 

Adjust/allgn •laments 


well, took longer then expected 

Dvctc&sr MS) 


• 

Ccouounlcate Uforeatlon 





• 

Ceactlvate/taralnate system 

9 

fluid colusn portion of experiment 




operation 


had difficulty 



9 

define proctduret/schodvles/ 
operations 

9 

Crtv Interfaced with fl via T / 



9 

Cetect change In state or 
condition 


to generata liable modifications 



9 

Iwplenert procedures /sc had vies 

9 

experiment objective fulfilled 



9 

Inforuatlcn processlnf 





$ 

Intpect/okserve 





9 

froklra lolvtng/declslon 
uklng/data analysis 



SL-1 Operational 

• Waste ttanagemeht System (k«5) 

9 

Ccnf tra/*erlfy procedures/ 

9 

J7S-1/SL-1 


fa Here {STSM/U-l) 


tchedulei/cpe ret Ions 


Waste Unagement System (WNS) had 

Debrief tfif 


9 

Kteove/replace covering 


problem by day 4, by day 7 was 

Detacher M83 


9 

Replace/clesA surface coatings 


emitting human waste 





9 

estimated that crew ate less to avoid 
■sing WK* 

SL-1 Operational 

• Central uMollftfl of wort 

9 

Alicea te/asstgn/dlstrlbute 

9 

STS-f /SL-1 

System 

STS-V/St-1 

9 

Define prectdures/ichedules/ 


Work scheduled 1? hr on, 1? hr off 

Debrief l*g 



operations 



December M8J 


9 

InplnwM procedvrts/schedults 

9 

SL-1 crew were happy with schedule and 



9 

Ifl'.^Kt/eS serve 


recos*eod no change 





9 

STS-t crew tosuivl»r suggests a 
third crblter crevmn also trained 
as a mission specialist (relief wn 
for contingency) 

Aviation Week 

• flood ncpUt required for 

« 

Uthtr/rcplace tcots/eqv levant 

9 

JTS-t/SL-l 

L Space Technology 

STS-9/SL-1 life scle-sces 

e 

Store/reccrd oleasnt 



C< c*o£j»r 19« M2) 

Investigations 

• 

Surgical manipulations 

9 

Hood drawn frees two payload 1 
mission specialists for life 
sciences Investigations 

Aviation Week 

9 Cip*rlK*«t setup for maserlng 

e 


9 

STS-l/U-1 

l Sp4 r t T»chrvolcw?y 

of pulsing of blood through 

• 

Activate/Initiate system 



December M. M3) 

tody (STS-9/SL-1 ) 


opera lien 

9 

Internal blood flow life sciences 


a 

Apply/renove b loved leal sensor 


•xptrlncnt 


• talllstecardlogrephy utilised 

e 

Coof Ins/verify procedures/ 




accaleromters strapoei 


sc h»du let /operations 




to tody Sealed body wtlen 

• 

Deactlvate/terotnate system 




resulting fro* Internal blood 


operation 




flow 

• 

Cecode/ereode data 





• 

Display data 





• 

Cether/replece tools/eqjtpnent 





9 

Store/recerd •lament 



Aviation Week 

• failure of metric ca **r» 

9 

Actl vate/lnitlate iyitw 

9 

STS-f/Sl-1 

l Space Technology 

(Urwi eeptrlaent) on 


cperatlcn 



Dec east r 11, M8J 

(STS-9/SL-?) 

9 

CMwwntcatf Information 

9 

fletrlc c»wn (Genmn) */»d film 



9 

Correlate data 


cassette Jeweed 


• Second cassette Jamaed on 

9 

CeactUate/tcnalnate system 




JStn from* of 400 


operation 

9 

JSC ground linked to ?*1's camera 



9 

Csther/re place tools/equlpeert 


In terwany and to STS-7/SL-1 crew 



9 

Implement procedjres/sehedules 





9 

Inspect/cbserve 

9 

Repair procedures worked cut In 



9 

freclslm manipulation of objects 


real tf*« at JSC 



9 

treble* solvlng/declslon 
maklng/data analysis 

9 

JSC ground crew devised, flied 



9 

Release/tecure Mechanical 


and walked flight crew through 




Interface 


procedures to repair to Jl* 



9 

Pemove/replace covering 

9 

Relayed to crew to affect repair 





9 

Camera put tack on lino by fltght 
crew 

A v la t ten Keek 

e Removal of Malfunctioning 

9 

Connect /disconnect electrical 

9 

STS-S/SL-1 

i Spact Technology 

Isotherm! furnace's 


Interface 



December 11, MS) 

electrical system from 

9 

tather/replac# toals/egu-lpfoant 

9 

Materials telenet rack problems 


Mttrlalt science rack 

9 

Impect/cbserve 


- StUvk material taopl* 


to restore esperleent to 

9 

Rrcbiws solvlng/dtclslon 


- Vacuus leak 


operational status on 


maklng/daU analysis 


- llectrkal short 


STS-1/SL-1 

9 

Remove codule 





9 

Rruove/repUce covering 
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Mt««! 

mssim *CTimy 

lUSUm Mi tcTimirs 




- 

• On board diagnostic checkout and 
electrical bypass (Isolation) by 
crew saved Majority of experiment 

Aviation Wtfk 
4 Space Technology 
December If, 1903 

• repair of high rata data 
recorder on STS-9/SL-1 

e Activate/Initiate tytte* 
operation 

e Connect/disconnect electrical 
Interface 

• CeactWate/temlnate system 
operation 

• lnipect/cbsenre 

• Precision manipulation of object 

• Rtmove/replice covering 

• STS-9/St-l 

• High rate data recorder felled cm 
Sth day 

• Recorder opened - 3 rollers found to 
be stuck 

• Rollers freed 

• System restored 

Aviation Week 
4 Space technology 
December 19, 1963 

• Revision or fluid physics 
module eiperlmnt on 
STS-f/Sl-l 

• Activate/Initiate system 
operation 

• A1 locate/a IS Ign/dt strlbute 

• Communicate Information 

• Connect /disconnect field 
Interface 

• Ceacilvate/termtMt* system 
operations 

• STS-t/Sl-l 

• Fluid physics module experiment bad 
overflow problems 

o 6 round personnel devised modifica- 
tion* 

• flight crew applied fix 

STS 41 -c 
Flight Crew 
Report 
Kay 1904 

• Requirement for crew to eonl- 
tor ard photograph the honey- 
comb structure created by 
Italian honeybees while In a 
Mightiest environment 

• Hand1e/lnsoect/e*aMlno living 
crqsnijw* 

• leisure (ictlf) physical 
<J 1 s»d»nsion 

• Acttvate/lnltlate systeie 
operation 

• Detect change In state or 
condition 

• Foiltlon KxJale 

• A series of photographs, TV recordings 
and two temperature measurements were 
made on thrte occasions 

• The crew found the experiment both 
Interesting and entertaining 

STS 41-C 
Flight Crew 
Report 
May 1904 

• Requirement for on-orbit 
repairs of the Solar 
Maxima spacecraft 

e Transport unloaded 

• Conflra/verHy procedures/ 
schedules/operations 

• Connect/disconnect electrical 
Interface 

e tither/replace too Is /equipment 
e Position module 
t Release/securc mechanical 
Interface 
e Remove nodule 
e Remove/replace covering 
e Transport loaded 

• Positioning ef the Mf* was expeditious 
and enabled crevaectoer placement 
within fractions of an Inch of the 
desired worksite 

e The KFR aided the replacement mission 
and It was found that maneuvering the 
900 lb module was no problem 

e The CVA power tool worked very well and 
should be considered a standard tool 

STS 41 -C 
Flight Crew 
Report 
Hay 1989 

e utilization of »WJ thruster 
cue lights durlrg the 
docking and stabilization * 
attempts 

e Cor>eensaterv tracktrq 
e Information processing 
• Problem solving/decision 
making /data analysis 

e HfCJ was flown with attitude hold 

e Thruster cue lights Indicate when 
thrusters are automatically firing to 
B4lnta1n desired attitude 
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for any future manned system would be that the crewmen have equipment and 
suitable restraint and mobility -aids to go anywhere on the interior or 
exterior of the vehicle while in orbit. 

The presence of crewmen and the availability of manpower to correct 
problems and maintain equipment should result in a lower weight system 
overall. As an example, Skylab estimates (made after the failure of the 
orbital workshop solar wing to deploy automatically) indicated that a manual 
deployment mode for the solar arrays would have produced a 15 percent weight 
savings in that subsystem. 

In both the Apollo Telescope Mount and the Earth Resources Experiment 
Package Payload on Sky 1 ab, the crewmen proved invaluable in assisting and 
directing the pointing capability of both these experiments. The crewmen 
greatly enhanced the quality -of the data retrieved by being able to -observe 
the overall situation and direct or point the experiment at the areas of 
interest. It is in this area of making selective executive decisions that 
man's role is irreplaceable. 

On Skylab it was found that the space limitations that a man experiences 
here on Earth due to gravity did not necessarily apply in orbit. For example, 
the large food lockers (in excess of 6 cu ft and ever 250 lb) were very 
readily relocated in zej-o gravity by one crewman working alone as compared to 
four men required on the ground. 

In the debriefings, all crewmen agreed that zero gravity will in the 
future allow the designer of an orbital system more freedom in selecting 
volumes and weights for the crevanen to manipulate. One crewman made the 
statement that it would have been feasible in space to relocate an object the 
size of the film vault. (The Skylab vault was in excess of 12 cu ft and 
weighed approximatey 3,000 lb.) 

Examples of these past experiences drawn from previous missions v/ere 
valuable not only in confirming man's capability to perform specific 
activities in space but also in establishing a basis for developing a generic 
set of activities in Task 2 that could be used to describe future missions. 
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Section 3 

SPECIFIC PROJECT ASSESSMENTS - TASK 2 

The oojective of Task 2 was to define and describe a structured approacn 
for optimizing the role of humans and humans supported by machines in carrying 
out cne requirements of selected space projects. To accomplish tms 
oojective, a generic list of activities was derived (Section 3.1 ) that coulJ 
oe used to Jescrioe any future space mission. Tms list of activities was 
compared to the human performance capabilities and limitations summarized in 
Task 1 to determine the degree of human Involvement that can reasonably De 
expected to be associated with each of the individual activities. Past 
experience suggests that the utilization of the capabilities of tne human 
element in the implementation of any man-machine system is limited only by the 
creative imagination of tne system designer, witn only a few exceptions. The 
principal limiting factor in tne direct involvement of the numan in system 
operation is tne finite numan response time associated wUn tne performance of 
any activity or task. Accordingly, in Section 3.2 ranges of response times to 
be expected in tne performance of eacn activity are presented for eacn of tne 
man-macnine modes, from direct manual involvement to indirect or Independent 
systems operations. These timeline data were derived from many sources 
including prior- system operations, research data, simulations and engineering 
analyses. 

In Section 3.3, tne supporting equipment and resources needed to implement 
each activity in each mode of man-macnine interaction are identified. In 
Section 3.4, the economic factors and cost of equipment and other activities 
associated witn providing, supporting, and utilizing human capabilities in 
advanced space missions are identified and quantified. 

In Section 3.S, a metnod is presented for evaluating in qualitative anJ 
quantitative terms the cost effectiveness of varying degrees of human 
involvement in meeting the requirements of future space projects and missions. 
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3.1 SELECTED PROJECT ANALYSES 

In order to derive a generic list of activities that could Da used to 
describe any future space mission, various space projects were analyzed. The 
analyses entailed the definition of tne various levels of events used to 
describe a given mission. It was recognized that each project could require 
one or more missions to be performed. In the cases examined eacn mission was 
broken down to tne sequence level to describe the detailed operations for the 
given mission. As illustrated in Figure 3-1, tne sequences were then furtner 
defined through the identification of the activities that made up eacn 
operational sequence. Once the activity level events were defined it was 
found that a great deal of commonal ity existed among the various operational 
sequences and the missions. In other words, the same basic activities were 
found to be required in different operations and in different missions. The 
activities were grouped togetner to eliminate redundancy. The objective was 
to develop a final list of basic or generic activities, each with unique 
characteristics, tnat when combined could be used to describe any future space 
missions. 

Based on the level of detailed information currently availaale, tne Space 
Platform missions were selected for the initial analysis of activities. The 
Space Platform (Figure 3-2) project was a conceptually designed free-flying 
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Figure 3-2. Space Platform System Design Concept 




platform tnat could provide services such as electrical power, thermal 
control , and communications and data Handling to a wide range of cttacned 
payloads. In scneduled revisits by the Space Shuttle, opportunities were 
provided for utilization of the human presence in maintenance, servicing, and 
repair as well as in the initial deployment and/or assembly of payloads. Tne 
source of information utilized in the analysis of the Space Platform missions 
was the HUAC Phase B Space Platform study reports (Reference 70). Based upon 
tins information, the Space Platform missions were divided into their 
respective sequences and then the sequences were further categorized into the 
detailed operational activities. Tms analysis may oe found in Appendix C-l . 

Tne analysis of tne Space Platform (Figure 3-3) resulted in tne 
identification of five mission categories. Each of the respective missions 
was defined by tne sequence level events required to perform tnose missions. 
As can be seen at the sequence level, several events may occur in more than 
one mission. For example, trie bertning operation between the Space Platform 
and Space Snuttle not only appears in the payload reconfiguration mission as 
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27 Generic Activities 
Derived From Space Platform Analysis 


Figure 3-3. Space Platform Project Analysis 


snown, but also in the initial deployment and maintenance missions, as well as 
evolutionary growth missions. The reason is that in order to perform tnose 
missions, it is required tnat the Space Platform and Space Shuttle be berthed 
togetner. The sequence level operations are tnen further defined oy 
identifying tne activities necessary to accomplish that operation. As staced 
previously, these identified activities were examined and comoined where 
appropriate. On the basis of this analysis, 27 generic activities were 
deri ved . 

Tne Generic Activity List continued to expand as otner space projects were 
analyzed. Tne additional space projects tnat were examined included the 
Advanced X-ray Astrophysics Facility { AXAF ) study; Skylao missions from SL-2, 
SL-3 and SL-4; Space Station mission models; and Life Sciences LaDoratory 
missions. Tne analysis of tne life sciences project (Figure 3-4) centered 
around three identified missions as snown in Figure 3-5. These missions were 
analyzed at tne sequence level and each seqence in turn was redefined into its 
basic activities. An interesting note during tins analysis was that even 
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Figure 3-5. Life Sciences Laboratory (Project Analysis) 







though the sequence level events were notably different for each life science 
mission tnere was once again considerable commonality among the activities 
required in tne different mission elements. Tne analysis of the life sciences 
project may be found in Appendix C-2. Another information source wnicn was 
utilized in these analyses was tne HIT stuJy of Automation, Roootics, and 
Macmne Intelligence Systems (ARAMIS) study {References 67, 68, 69). This 
study had defined some 330 "Generic Functional Elements" and these functional 
elements were also matched against the listing of Generic Activities. 

As each new source of mission data and/or mission activities was examined, 
the previously defined generic activities were matched against the new 
information. If a specific activity could not easily be described by one of 
tne previously defined generic activities, a new activity category was 
identified for incorporation into the generic activity list. 

Tne analyses of these space projects down to tne activity level nas 
resulted in the identification of the 37 unique activities. It is our belief 
tnat this set of generic activities will prove to be a useful tool in 
describing the operational sequences required in the broad spectrum of 
potential space missions anticipated in tne coming decades. 

Descriptions of eacn of the 37 Generic Activities follow: 

1 . Activate/Imtiate System Operation . Those events and/or command 
sequences involved in the activation or initialization of a space based system 
or subsystem. 

2. Adjusc/Align Elements . Those adjustment activities involved in sucn 
operations as alignment of optical elements, fine tuning of precision 
electronic equipment, antenna pointing, and remote camera focusing operations. 

3. Allocate/Assiqn/Distribute. Those activities involving the 
reallocation, or redistribution of resources: e.g., the redistribution of 
power, coolant flow, etc., to sensitive subsystem equipment to reflect 
operational needs or contingency operations. 

4. Apply/Remove Biomedical Sensor . Those unique activities associated 
witn the installation/removal and cleaning of sensors used to obtain 
biomedical data from a test subject. 

5. communicate Information . Those activities involving the establishment 
of the communications link and the transmision of information from one source 
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to another. It Includes the verbal or visual intercnange between two crewmen 
as well as the electronic transference of scientific information from a space 
proDe to a terrestrial-based user. 

b. Compensatory Tracking . Those activities involving continuous control 
adjustments to null an error signal against a fixed reference. 

7. Compute Data . Tnose activities requiring a mecnamzed form of data 
processing sucli as in structural analyses, computation of positions of 
celestial bodies, or other forms of numerical computations. 

3. Confirm/Verify Procedures /Schedules /Operations . Tnose activities 
involving the assessment of wnetner or not a prior event has in fact been 
accomplished (such as a system verification o* cneckout), or a procedure 
satisfied, or a schedule met. 

9. Connect/Jisconnect Electrical Interface . Those activities requiring 
the completion or termination of an electrical interface. Tney may involve 
utilization of Dlind-mated/self-aligning connectors, multi turn screw-drive 
interface plates, or similar devices. 

10. Connect/Oisconnect Fluid Interface . Tnose activities requiring the 
completion or termination of a fluid interface. They may involve utilization 
of a simple plug in, sleeve lock connection, multiturn screw drive interface 
plates, or similar devices. 

11. Correlate Data . Those activities involving the identification of 
positive or negative relationships or commonal ities among data sets such as 
organizational structures, characteristics, or processes. 

12. ' Deacti vate /Terminate System Operation . Tnose events and/or command 
sequences involved in the termination or deactivation of a space-oased system 
or subsystem. 

13. Decode/Encode Data . Those activities involving the conversion of 
data into either its original form or into a form compatible for 
transmission: e.g., converting transmitted digitized data into its original 
analog form or digitizing' analog data for transmission to tne ground station. 

14. Define Procedures /Schedules /Operations . Tnose activities involving 
logical deductions or convergent production leading to developnent of 
procedures, schedules, or operations with predictable outcomes. 

lb. Deploy /Ketract Appendage . Those activities associated with tne 
extension of a nardware element to a position where its assigned function can 
be realized, or conversely, the stowing of that hardware element based on task 
completion or safety considerations. 

ry 
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16. Detect Change In State or Condition . Those activities where tne 
departure of a parameter from its original or reference state or condition is 
required to be sensed or observed. 

17. Display Data . Tnose activities involving the presentation of 
infonnation/data by visual, auditory, or tactile means. 

IB. Gather/Replace Tools/Equi pment. Those activities Involved in the 
obtaining or in tne returning of tools or equipment used to perform a specific 
task such as collecting or replacing maintenance tools or donning/doffing the 
ilanned rlaneuvenng Unit (iMU). 

19. Handle/Inspsct/Examine Living Organisms . Tnose acti vi ties invol ving 
the unique operations associated with warning with living organisms. These 
activities involve the manipulation and general handling of animals ranging 
from stroking to inspecting or examining anatomical characteristics. 

20. Implement Procedures/Schedules . Those activities involving tne 
Instituting and carrying out of procedures or schedules (such as updating a 
mission model /schedule } as distinguished from activating or initiating system 
operations. 

21. Information Processing . Those activities involving the categorizing, 
extracting, interpolating, itemizing, tabulating, or translating of 

i nformation. 

22. Inspoct/Observe . Tnose activities involving the critical appraisal 
of events or objects. They may include the verification or the identification 
of a particular element sucn as damage inspection of a returning QTY, the 
observation and identification of a celestial object, or the behavior of a 

1 1 ving organism. 

23. i-leasure (Scale} Physical Dimensions . Tnose activities involving tne 
estimation or appraisal of a dimension against a graduated standard or 
criterion. 

24. Plot Data . Those activities involving the mapping, displaying, or 
locating of data by means of a specified coordinate system. 

25. Position Module . Those activities involving the positioning of a 

component into a desired orientation: e.g., installing a new component, or 

tilting a payload into its launcn orientation. 

26. Precision llani pulation of Objects . Those activities involving tasks 
whicn require a nign degree of manual dexterity in order to be accompli shed 
sucn as the assembly/disassemoly of small intricate mechanisms or the 
installation of measurement sensors, i.e., strain gauges, thermocouples, etc. 
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27. Problem Sol ving/Uecision Haking/Data Analysis. Those judgmental anJ 
sometimes creative activities involving the drawing of inferences or 
conclusions througn the use of cognition, convergent or divergent production, 
memory, and comparative evaluation. Functions to be performed may include 
analyzing, calculating, choosing, comparing, estimating, or planning. 

26. Pursuit Tracking. Those activities involving continuous control 
adjustment to match actual and desired signals when tne desired or reference 
signal is continually changing. 

29. Pel ease/Secure Hecnamcal Interface . Those acti vities invol ving tne 
manipulation of a mechanical interface ranging from a simple one-handed, 
over-center latch application to a hign torque, multiturn threaded fastener. 

Hay Involve manipulation of multiple fasteners arranged in various patterns or 
configurations. 

30. Remove ilodule . Those activities involving the physical extraction or 
removal of a component after the mechanical, electrical, or thermal interfaces 
have been released or disconnected. 

31. Remove/Replace Covering . Tnose activities involving the removal or 
reinstallation of an access covering or a protective covering as required to 
gain access to system elements or to cover tnem up upon completion of the work. 

32. Replace/Clean Surface Coatings. Those unique activities involving 
tne restoration of a degraded/contaminated surface coating suen as replacing a 
radiator's thermal coating or cleaning an optical systems viewing surface. 

33. Replenish Materials . Those activities involving the resupplying of 
consumables such as refueling a spacecraft, recharging an optics cryo-based 
cooling system, or providing food supplies to an animal holding facility. 

34. Store/Record Element. Those activities involving the recording or 

storage of items for both snort-term and long-term periods: e.g., 

recording/storage of experimental data or temporary storage of a biomedical 
sample. 

3d. Surgical id a n i pulations . Those activities, such as a surgical 
procedure or a dissection including tissue sample acquisitions, that require a 
mgh degree of sk i 1 1 and knowledge as well as manual dexterity in order to be 
accompl ished. 

36. Transport Loaded . Tnose activities involving the conveying of a 
physical oDject Dy some transportation device from one location to another: 
e.g., the transporting of a component via a crewman or a renote manipulator 
system. 
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37. Transport Unloaded. Those activities involving the movements of an 
unloaded individual or device from one location to another: e.g., the 
movement of a crewman to a worksite witnout carrying tools or equipment, or 
tne movement of a remote manipulator system witn nothing attacned. 

Figure 3-6 identifies the sources from which eacn of the generic space 
activities that compose the final listing was derived. 

3.2 MISSION TIMELINES 

Once a generic set of activities had been established that could be used 
to describe any future space mission, the next step was to establish the 
relati-ve applicability and value of the alternative man-macnine modes in 
accomplishing these activities, both individually and in composite as might be 
dictated by a specific set of mission requirements. In order to estaDlish the 
degree of human involvement that could reasonably be expected to be associated 
with each of tne individual activities, tnree sets of performance criteria 
were considered: the first set was the range of performance times required to 
accomplish the task; tne second set was the requirements for human involvement 
in terms of sensory -'perceptual , intellectual and psychomotor functions; and 
tne tmrd set was the limiting factors in numan involvement in terms of the 
human response capabilities for sensing, information processing, and motor 
actions. 

In addressing the criterion of performance time requirements, mission 
timeline data available from prior space missions, laboratory studies, system 
simulations and engineering design studies were utilized to establish a 
reference set of timeline data for each activity and for each category of 
man-machine interaction. 

Tne categories of man-machine interaction are oased upon the numan 
operator's level of participation in the performance of the task and were 
defined as follows: 

Manual . Unaided IVA/EVa, witn simple (unpowered) lianJ tools 

Supported . Use of supporting machinery or facilities required to 
accomplish assigned tasks (e.g., manned maneuvering units, foot restraint 
devices, etc. ) 
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Generic Space Activities 

Source 

AXAF 

(1) 

Skylab 

(2) 

Space 

Platform 

Space 

Station 

(31 

ARAMIS 
Study (MIT) 

Life 

Sciences 

Laboratory 

1 Activate Initiate System Operation 

o 

• 

G 

G 

9 

G 

2 Adjust/Align Elements 


• 


° 

0 

G 

3 AMoc3te/Assign'Di*tnbute 


G 

G 

• 

• 

G 

4 Apply/Remove Biomedical Sensor 


O 


G 

O 

0 

5 Communicate Information 

• 

G 

G 

G 

G 

G 

6 Compensatory Tracking 




G 

O 


7 Compute Data 

e 

• 

0 


O 

9 

8 Confirm/Verify Procedur es'Schoduies/Operations 


• 

G 


G 

9 

9 Connect i Disconnect Electrical Interface 


G 

G 

• 

G 

G 

10 Connect/ Disconnect Fluid Interface 


G 

© 

G 

G 


11 Correlate Data 


O 

G 


G 

O 

12 Deactivate'Termmate System Operation 

• 

o 

G 

G 

9 

9 

13 Decode/Encodc Dan 



G 

G 

• 


14 Define Procedures/Schedules/Operations 


© 

G 


O 

G 

15 Depfoy/ Retract Appendage 

e 

G 

G 

WKM 

9 


16 Detect Change m State or Condition 


O 


SB 

© 

G 

17 Display Data 


G 

O 

G 

O 

9 

18 Gather/Replace Tools/Equipment 

e 

© 

© 

0 

G 

a 

19 Handle/lnspect/Examine Living Organisms 






o 

20 Implement Procedures.Schedules 


© 

e 

G 

9 

e 

21 Information Processing 


o 


G 

9 

o 

22 fnspect/Obser\e 


o 

9 

G 

O 

© 

23 Measure ISc3le) Physical Dimensions 


o 



9 


24 Plot Data 


G 

• 

G 


G 

25 Position Module 

o 

G 

O 

O 

G 

O 

26 Precision Manipulation ot Objects 


O 


G 



27 Problem Solvmg/Decision Making/ 
Dan Analysis 


o 

G 

G 

G 

9 

23 Pursuit Tracking 


G 

G 

0 

• 


29, Release Secure Mechanical Interface 

g 

G 

G 

G 

9 

O 

30 Remove Module 

0 

© 

O 

G 

G 

G 

31 Remove^Reploce Covering 


© 

o 


G 

O 

32 Replace Cleon Surface Coatings 

• 


o 



G 

33 Replenish Materials 

0 

G 


C 

G 

© 

34 S’orp/Record El* ni^nts 


O 

o 

9 

• 

9 

35 Surgical Manipulations 






9 

3G Transport Loaded 

G 

© 

G 

G 

• 

G 

37 Transport Unleaded 

e 

© 

# 

© 

G 



(1) Includes EREP and ATM Activities 

(2) Includes Activities Derived from the Analysis of Space Platform Ground System Data Management Study 

13) Includes 330 Generic Fu Ktional Elements Derived from the Geosynchronous Platform Advanced X Ray Astrophysics 
Facility Te'eoperator Maneuvering System and Space Platform 


Figure 3 6 List of Generic Activities 
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Augmented. Amplification of human sensory or motor capabilities (powered 
tools, exosKeletons, electron microscopes, etc.) 

Teleopera ted. Use of remotely controlled sensors and actuators allowing 
tne numan presence to be removed from tne work site (remote manipulator 
systems, teleoperators, telefactors) 

Supervised . Replacement of direct manual control of system operation witn 
computer-directed functions although maintaining numans in supervisory control 
from ground -oased or oroi tal -based work stations 

Independent , basically independent self-actuating, self-healing 
operations out requiring numan intervention occasionally (relies neavily on 
automation and artificial intelligence) 

Summary timeline profiles, as shown in Figure 3-7, were prepared for eacn 
of the 37 activities to depict tne range of times associated with each mode of 
nian-.nacm ne interaction. Tne timeline profiles for eacli of the 37 activities 
may be found in Appendix D. In eacn case, the timeline profiles were 
constructed in accordance witn the following ground rules: 


Man Machine 
Categories 


Time Scale 


Manual 
Supported * 
Augmented 
Teleoperated 


Supervised 

Ground 


Supervised 
On Orbit 


Independent 



o 


Similar Task W th Actual 
On Orbit Perlormance 

□ Sim.lar Task Pertormed in a 
Space Simulation 

O Engineer me Estimate Dasen 
on Des>nn or Operational 
E xperienc* 

A umbers arc rcjercnc.es to 
sourc i s (set A ppcndi x D) 


| JM>®® 






_L. 




J 1 L. 


g 1 10 20 30 40 50 1 2 4 G 8 


Seconds 


Minutes 


Hours 


Figure 3-7. Typical Activity Timeline Profile Activate/Initiate System Operation 
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o All of the generic space activities encompass events that will be 
performed on-orbit. 

• Tne range of time for accomplishing a task is defined by a minimum task 
time and a maximum task time based on specific tasks identified during the 
analysis of previous space projects (references cited). 

o The times are based either on actual space performance (O). a space 
simulation (0), or on engineering estimates derived from conceptual designs 
or from similar operational experiences (O^* (The numbers within the symbols 
designate tne specific data sources, fnese sources are listed in Appendix D. ) 

9 Those activities that were determined to require direct human 
involvement for accompl isnment will not be considered for supervised or 
independent applications. 

o Operations in the manual category will oe limited to 50 minutes based 
on evaluations associated with manual fatigue levels and span-of-attention 
1 imits. 

e For activities tnat require support equipnent, ic is assumed that the 
crewmen have a working/operational knowledge of that equipment and special 
training is not required. 

An important consideration when evaluating manual tasx performances is 
wnether or not times differ for accomplishing similar tasks in the EVA as 
compared to the IVA mode of operation. 

In order to provide a basis for estimating the times for accomplishing 
activities in e'acn of these modes, comparative data were needed on fine and 
coarse motor activities to be performed in zero g both with and without a 
pressurized suit. Since sucn data was not readily availaole from actual space 
flights, vie elected to develop these data by analyzing video tapes taken in 
the liDAC and the I-1SFC Neutral Buoyancy Simulators during the past year. In 
IBBd, MDAC performed two series of Neutral Buoyancy Tests in which the same 
maintenance and servicing tasks were performed. Tne first test was performed 
in SCUBA only, winch equates to the simulated IVA environment. The second 
test series involved pressure-suited subjects, winch simulated tne EVA 
environment. By comparing task performance times for a representative 
selection of tasks requiring fine and coarse motor activities under simulated 
zero g (neutral buoyancy) when using a pressure unit and when using scuba 


equlpnent only, it was Delieved a reasonaole basis of relating I'M and EVA 
task times could be obtained. It was hypothesized that tne scuba performance 
would oe equivalent to an IVA performance in zero g. 

As an example of coarse mo -r movements, a handcranking operation such as 
might be involved in deploying an appendage was selected. Observational data 
were available from the video tapes for three crank radii (3 inches, 6 inches, 
and 9 inches) for a series of scuba and pressure suit trials. 

In similar fashion, observational data related to fine motor movements 
were available under eacn condition for two tasks: (1) mating and demating 

electrical connectors, and (2) removing and installing fluid interfaces. 

Figure 3-8 plots the average times observed (Table 3-1) under each 
operational mode for the various crank radii. Table 3-2 summarizes the 
average times observed for the tasks requiring fine motor movements. 



0 3 6 9 12 

Hand Crank Handle Radius (in ) 


Figure 3-8. Coarse Motor Movements 
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Table 3-1. IVA and EVA Talk Time Companions 
(Coane-Motor Movements) 



Average times 
(sec) 

Ratio 

Task 

IVA 

EVA 

EVA, IVA 

Manual hand crank 
3-mch radius 

20 

21 

1 05 

6-incti radius 

22 

24 

1 09 

9-mch radius 

23 

26 

1 13 

Average 

1 09 


*i* 


From this observational data, it was concluded that the times for 
performing coarse motor movements should be roughly comparable for most IVA 
and EVA operations {Table 3-1), although as may be noted in Figure 3-8, the 
greater the movement required {as in the case of turning a crank with a nine 
inch radius), the greater the discrepancy becomes between the IVA and EVA 
performance times. The differences observed are undoubtedly due to the 
restrictions in pressure suit articulation. In the case of fine motor 
movements, (Table 3-2) the EVA operations seem to take about 1.5 times 
longer. This difference can be attributed to the sensitivity and dexterity 
differences between the gloved versus the ungloved hand. 


Table 3-2 IVA anc! EVA Task Time Comparisons 
(Fine-Motor Movements) 


Task 

Average 

times 

(sec) 

Ratio 
EVA IVA 

IVA 

EVA 

Electrical connectors 




Coax - 6 turns, threaded 

19 

31 

1 63 

Bayonet - 120-deg lock and unlock 

9 

14 

1 75 

Fluid inleriace 




Remove 

10 

13 

1 30 

Install 

14 

20 

1 14 

Average 

1 53 




It is believed that the timeline data derived from the neutral buoyancy 
chambers is a very reasonable approximation of the actual times that will be 
experienced in zero g. To substantiate this hypothesis, the Skylab EVA tasks 
were reviewed by the study team. Table 3-3 compares the planned times based 
on neutral buoyuancy simulations on the ground and the actual times oDserved 
in space for ten composite EVA tasks on Skylab 2, 3, and 4 for which data were 
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Table 3-3. Skylab EVA Tasks 


EVA 

events 

Planned time 
(minutes) 

Actusl tlmr 
(minutes) 

A time 
(minutes) 

1 

45 

35 

-10 

2 

248 

203 

-45 

3 

105 

96 

-9 

4 

448 

391 

-57 

5 

275 

270 

-5 

8 

156 

161 

+ 5 

7 

388 

394 

+ 6 

8 

442 

413 

-29 

9 

212 

209 

-3 

10 

323 

319 

-4 

Total 

2642 

2491 

-151 

Overall - 6% under estimate (151/2642 minutes) 
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available. Out of a total of 2642 minutes of planned operations, the actual 
EVA times totaled 2491 minutes or 6 % less (faster) than had been allocated. 
Based on this prior experience, it was concluded that the time estimates 
derived from the recently conducted neutral buoyancy simulations provide 
reasonable estimates of on-orbit performance times, at least to the level of 
precision required for the THURIS study. 

In view of the data suggesting: (1) the general compatibility of IVA and 

EVA performance times; (2) the validity of neutral buoyancy data as a basis 
for estimating performance times in zero gravity; and (3) the high probability 
that an 8-psi EVA suit requiring no prebreathing time will be available in 
time for missions now in the conceptual design stage; it was concluded that no 
differentiation would be required between IVA and EVA for the purposes of a 
first approximation of performance times. The design decision as to whether 
EVA or IVA would be required in future systems will be established by 
progranmatic criteria otner than performance times. Accordingly, the timeline 
profiles appearing in Appendix D do not differentiate between the IVA and the 
EVA modes for the manual, supported, and augmented categories. 

In addition to performance times, the other criteria considered in 
defining the applicability of the various modes of man-machine interaction 
were (1) the requirements for human involvement in terms of 
sensory /perceptual , intellectual, and psychomotor functions, and (2) the 
limiting factors in human involvement in terms of the human response 
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capabilities for sensing, information processing, and motor actions. The 
human capability data developed in Task 1, and described in Appendix A, 
provided the information used in this definition process. Figure 3-9 
summarizes in matrix form the human capabilities defined in Section 2 that are 
required to perform each of the generic space activities. 

An attempt was also made to identify the role that each of these 
capabilities played in each of the generic space activities; and, by assessing 
the importance of this role, to gain some understanding of the benefit of 
man's onboard participation in each activity. In some instances, the generic 
space activity could be applied to a broad range of mission activities, some 
of which would benefit significantly from man's participation ancLothers of 
which would benefit very little or not at all. For most, however, a 
reasonably precise evaluation could be made. Table 3-4 presents the results 
of this assessment of the benefit of man's participation in each of the space 
activities. 

The activicy timeline profiles found in Appendix D also indicate the 
requirements for human involvement as well as the limiting factors in human 
involvement for each of the man-machine categories. The limiting factors 
noted on these timeline profiles reflect the human capability classifications 
that could be exceeded by the requirements of the specific activity. In these 
cases, additional support would be required from the machine elements in terms 
of enhancing the sensing, information processing, or motor actions of the 
human operator. Where limiting factors are exceeded, a transition into a more 
mechanized man-machine category will generally be required in order to obtain 
the optimal task performance considerations. 

As an example of the issues considered at this point in the analysis. 
Figure 3-10 presents the timeline profile and notes the human capabilities 
required and the limiting factors associated with the various man-machine 
categories for the activity titled "Release/Secure Mechanical Interface". The 
ranges of times for accomplishing the activity have been determined from 
specific applications. Activities in the manual category for example could 
involve tasks ranging from simple, one-handed over-center latches to numerous 
multi turn captive fasteners that could be arranged in various patterns (see 
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Figure 3-9 Human Capabilities Required for Each Activity 
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Table 3-4. Benefit of Man’s Participation in Space Activities (Page 1 of 2) 


No 

Generic space 
activity 

Key 

capabilities 
utilized 
In man's 
participation 

Benefit of man's onboard participation 

Overall 
benefit from 
man’s onboard 
participation 

Rationale 

Equipment 

canba 

eliminated 

Performance 
of activity 
Is improved 

Probability 
of mission 
success Is 
Increased 

1 

Actuate initiate 
system operation 

Evaluation 

Vision 

Manipulation 

Minimal 

In some cases 

Negligible 

Not significant 

Aulomatica’ty actuated systems will 
predominate 

2 

Adjust align elements 

Vision 

Cognition 

Evaluation 

Yes 

‘■i some cases 

NO 

Beneficial 

Most alignment operations with.n 
man s capabilities 

3 

allocate assign 
disti bute 

Cognmon 
Convergent Prcd 

No 

In some cases 

Minimal 

Not significant 

Primarily automated operations 

4 

Appfy remove 
biomedical sensors 

Cognition 

Manipulation 

Not applicable 

Yes 

Yes 

Essentjat 

Operations cannot easity be 
automated 

5 

Communicate 

information 

Cognition 

Vision 

No 

In some cases 

No 

Not significant 

Communication link establfshed 
automatically 

6 

Compensa'ory 

tracking 

"cgnifon 

Evaluation 

Vision 

Manipulation 

M'oimal 

No 

Minimal 

Not significant 

Highly dependent on nature ol 
tracking task NulHymg error signal 
could be automatic 

7 

Compute data 

Cognit.on 

Evaluation 

No 

No 

Minimal 

Not significant 

Man will play negligible rote in most 
data computation 

8 

Confirm verily 
procedures 
schedules operations 

Cogn'tion 

evaluation 

No 

No 

Minimal 

Not significant 

Man would usually tunction in a 
backup role only 

3 

CcnrwcttiscoPfiecl 

electrical mar, -faces 

Vision 

Gross Motor Act 

Martputotort 

Evalua'cn 

Yes 

Yes 

Yes 

Censtat to 
essential 

Typical utrzabdn of man’s basis 
capao.W'es 

18 

Corrsct’d3conn»et 
fluid in'crfocas 

Vision 

Gross Motor Act 

Msntpu'r-cm 

Evaluafon 

Yc3 

Yea 

Yes 

BencHcm. to 
essential 

Typical vHizstion 01 nan 3 bssrc 
capoLStes 

11 

Correlate data 

Cognition 

Evaluation 

No 

In some cases 

Minimal 

Not signiflcant 

Man v.ouid usually function in a 
backup ro’e onty 

12 

Deactivate terminate 
system operation 

Manipulation 

Vision 

evaluation 

Minimal 

In so'-e cases 

Negt g.ble 

Not significant 

Automatically deact.valed systems will 
be the norm 

13 

Decode encode data 

Cogm!ion 
Convergent Prod 

No 

No 

No 

Not significant 

Computer function only 

14 

Dcdine procedures' 
schaou'esoperttons 

Cogn>!icn 
D'vergen! Prod 

Yes 


Yes 

Essential 

Apv ty is wholly dependent on rrwn s 
intellectual capsbJtoes 

15 

Deploy relract 
appendage 

Vision 

Gross Motor Act 

Yes 

In some cases 

In some 
cases 

Beneficial 

Seldom repea'ed activities a r e poor 
candida'es tor automation 

15 

Detect change In 
state at ccndton 

Ccgts'ioh 

Evs>j2tion 

Vision 

NO 

in seme cases 

In soma 
case* 

Bens-ncalor 

essertol 

Sb’onsfytfepsody'ton dtrrtt&tcttes 
of acc-rfy 

17 

Deputy tfsta 

Cog-siton 

Evaluation 

No 

Yes 

\u> 

Bemeflcn'sj 

essentia!. 

■Jv t r-TtortrYi l’> SpttfC&W Of ctohj it? 
bo df ccayod 

IS 

Gubcmolacs toots' 

eg-j.pmy’t 

Cognition 

Yes 

Yes 


Bc'ific-a* Is (Mart can vary t st> ifi'oc'ich v m 

esson'hl Irsts^t! to tosh 

14 

HandJeirspaSd 
aeami’a l-virg 
Orgsmcms 

Cugntton 

Vision 

‘Kopi taboo 

No{£pp f ccya 

Yes 

Yes 

c ,, Mclnn'y tanner us sytorrseistf « nod 

jeoses 

29 

tmp'emsnt 

prpradu'cs. scfrcOdU lc5 

Cdgretfun 
Evskralton 
Con s gent Pied, 

NoUpp lOdb's 

Yes 

Yes 

r |AoJvfly dersndsrc v, man s 

nvc 1 ■extent by c i'.wi 

21 

tafo'ifc&cit 

processing 

Ccgn’rorr 
Evafuattj! > 

Mjrrni 3 ' 

Yes 

Vos 

BdnoPsi.it ts> jEcssr '.U iwra r ton fce» vssn man 

essential jandcompub,;' 
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Table 3-4. Benefit of Man's Participation in Space Activities (Page 2 of 2) 


No 

Generic (pace 
activity 

Key 

capabilities 
utilized 
In man t 
participation 

Benefit of man s onboard participation 

Overall 
benefit from 
man s onboard 
participation 

Rationale 

Equipment 
can be 
eliminated 

Performance 
of activity 
Is Improved 

Probability 
ot mission 
success Is 
increased 

22 

Inspect obssrva 

Vised 
Cogrvlion 
Evaluation 
Divergent Prod. 

Yes 

Yes 

Yes 

Wghty benef cal 

Man - * selective cfctifrv-iFors superior 
to automred noniorng 

23 

Measure (sca'e) 
physica' dimensions 

Vision 

Eiatoaton 

In some C3ses 

No 

. 

In some 
cases 

Bone'oa 1 (n some 
cases 

Man is best a'ternatne m sene 
stations 

21 

Ptet data 

Cognition 

No 

M nimal 

No 

Not sgr'ilica-l 

prurtan'y a comcxjie r t^ncten 

25 

Pcsiton module 

Vision 
Evaiua'en 
Gross Motor Act 

In some cases 

In some cases 

In some 
cases 

Beneficial for some 
activities 

Man s beneM n»gh'y deoe^occit cn 
type of act'v^y 

K 

Procsten 
mjirtjxiftdon of 
objects 

Vision 

ManspuliSOft 

Cognition 

Yes 

Yes 

Yes 

Most oflan essenlol 

Man s murspuf-stvs sXcis csuxa bo 
dupicafed ty autorow CJwsj 

27 

PrcUam solving' 
dacason making daft 
analysis 

Cognlion 
Divergent Prod. 
Convergent Prod. 
Evaluabon 

Yes 

Yes 

Yes 

Essentai 

Man essensal by detdica 

23 

Pursuit tracking 

Cogntion 

Mareoulavon 

Minimal 

Yes 

Minimal 

Coo'd be significant 

Dependen 1 on spec*; racxng tas* 

23 

Rafesss-secure 
mechsmca! Inter taco 

Vision 

G r oss Motor Aid. 
Ummulsion 
Evcto abort 

Yes 

Yes 

Yes 

Bsttrfcal to 
assents 

Esorotaiy ufiiatory ci ran s 
capabices m cpsta serviy 

30 

Remove modu'e 

V'sen 
Eva'ualion 
G'oss Motor Act 

in some cases 

In some cases 

In some 
case 

Bene'-oat for some 
rrubS'On act vires 

Man s bene' ! htgtty (JeKn^t cn 
t>pe cf acuvty 

31 

Remove replace 
COven ng 

Vision 
Eva'ua''on 
Gross Moto. Act 

In sc"**? cases 

In some cases 

In some 
cases 

General fer some 
co\er removal 
^ep-acement 
act v it es 

Man s bereM h-gh'y d-'-pe’x^'t on 
task characans' cs 

32 

RepiecsCcan 
surface ccanrgs 

Visen 
Evaluation 
G'oss Motor Ac* 

Yes 

.. 

Yes 

Ye* 

Bene lest to 

essarial 

‘nlrepaency of acw»V ^>V4 
automation 

33 

fiep-'emsh malftsis 

Veen 
Evatoanon 
Gross Motor Act 

Yes 

In some cases 

Yes 

Berc r cel to 
essema! 

Oeg'ee ot bereft Is <Sspe*>JerK cn 
natee of task 

M 

Store record element 

Cognition 

No 

No 

No 

Not S^nfKTant 

Mans part-ctpat-cn c 1 tv--^ v t onty in 
iso'a'ed cases 

35 

Surycal 
manipul cions 

Aston 

Aarvpular-on 

Cngrylion 

Not app'-caito 

- 

Yes 

Yes 

Essental 

Actvfy not ssprepnarg tor ectarabcn 

35 

37 

i 

Transport loaded o' 
umoaded 

Vis in 
Cogi 'ton 
G oss Volar Acl 

In some cases 

in some C3$es 

In some 
cases 

Cepcndem on 

cna'actei.slcs oi 
task 

Charactcnst cs d tasks can v.ry 
emersneiy 'or **i s ae*v*y 


! Shaded oct'vd.es cte those when direct human participation is considered most beneficial or essential 



Figure 3-11). Activities such as these require primarily sensory/perceptual 
and psychomotor capabilities in order to accomplish the assigned task. The 
physical action for accomplishing the task is the limiting factor since 
exerting high torques could be required. In the “Supported" man-machine 
category a crewman in restraints might perform the task with a manual ratchet 
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Figure 3-10. Release/Secure Mechanical Interface 


wrench. However, if the force required to manipulate the mechanical interface 
requires more torque than the crewman can exert, then the action 
classification for that category is a limiting factor. In this case the 
activity would require augmentation in the form of a powered hand tool. 
Examples of tasks that might fall in the “Supervised 11 category involve 
commanding and monitoring mechanized mechanical interface activations such as 
the shuttle payload retention latches or launch restraint devices (see Figure 
3-11). The on-orbit supervised category requires sensory /perceptual as well 
as intellectual capabilities on the human's part even though the action itself 
might be accomplished by remote control. 

3.3 HUMAN SUPPORT REQUIREMENTS 

Once the capabilities and limitations of each man-machine mode have been 
established and their impact on the performance of each activity identified, 
the next issue to be addressed is to determine the relative cost of each of 
the applicable modes of implementation. Assuming that two or more alternative 
implementation concepts will be feasible for accomplishing a specific 
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activity, the determining factor in the mind of the system engineer becomes 
the question of cost. Accordingly, the resources and support equipment needed 
to accomplish each activity in each of the feasible man-machine modes was 
Identified to a sufficient depth to allow comparative cost data to be 
developed. 

The initial compilation of the resources and the support equipment was 
derived in conjunction with the timeline analyses described in Section 3.2. 

In addition, several past and ongoing space projects such as the Skylab 
missions and the Unmanned Space Platform missions were reviewed to ensure that 
the final listing of resource needs and support equipment represented all of 
the most pertinent items. 

The support equipment necessary for the various man-machine modes included 
Facilities; EVA Support Items; Tool Kits and Mechanical Support Equipment; 
Command, Control, Coranuni cation, and Data Management Equipment; Orbital 
Mobility Systems; and Operating Systems Softv/are. Table 3-5 lists the 
specific support equipment items identified in each of these categories. For 
reference purpose' the paragraph numbers in Section 3.4 of this report that 
contain the costing 'nformation pertinent for each item in Table 3-5 are noted 
parenthetically on the table. 

To provide a basis for estimating the relative costs of alternative 
raanwriachine modes, a specific operational example was selected for each - 
activity. The example chosen was one for which a design concept was already 
available or one that in fact had been Implemented in a previous program. This 
same example was then used for each of the man-machine mod^r that was 
applicable to the performance of a specific activity. For comparative 
purposes, this provided a common base for identifying the support requirements 
and for assessing the relative level of support necessary for each nan-machine 
mode. Since the objective was only to determine the relative cost of 
implementing each mode, the use of a common example was believed to be 
adequate to provide a meaningful basis for comparison. While either simpler 
or more complex examples than those chosen would change the absolute magnitude 
of the support requirements and their associated costs, it was reasoned that 
the relative costs of the alternative man-machine categories would remain 
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Table 3-5 

SUPPORT EQUIPMENT LIST FOR COSTING VARIOUS HAN-MACHINE MODES 


A. Facilities 


Al. 

Space Station Facility 

(3.4.1) 

A2. 

Ground Control Center, Baseline System 

(3.4.2) 

A3. 

Payload Control Center, Baseline System 

(3.4.2) 

A4. 

Data Handling Facility, Baseline System 

(3.4.2) 

A5. 

Tracking and Data Relay Satellite System (TDRSS) 

(3.4.3) 

A6. 

Unmanned Platform Basic Resources 

(3.4.7) 

8. 

EVA Support Items 

(3.4.4) 

81. 

Extravehicular Mobility Unit (EMU) 


82. 

Manned Maneuvering Unit (MMU) 


83. ' 

Remote Manipulator System (RMS) 


C. 

Tool Kits and Mechanical Support Equipment 

(3.4.5) 

Cl. 

Power Tool, Portable 


C2. 

Tool Kits, Manual 


C3. 

Gas Recharge Kit 


C4. 

Fluid Recharge Kit 


C5. 

Test Set, Alignment/Calibration, Portable 


C6. 

Test Set, Electrical Checkout 


C7. 

Surface Coating/Refurbishment Apparatus 


C8. 

Support Equipment, Experiment Specific - Category A 


C9. 

Support Equipment, Experiment Specific - Category B 


CIO. 

Support Equipment, Experiment Specific - Category C 


Cll. 

Support Equipment, Experiment Specific - Category D 


C12. 

Cherry Picker with Work Platform (RMS) 


C13. 

Restraints to Support Manned Activities 


C14. 

Life Sciences Experiments Tool Kits 
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Table 3-5 

SUPPORT EQUIPMENT LIST FOR COSTING VARIOUS MAN-MACHINE MODES 


D. Command, Control, Communication, and Data 

Management Equipment 

Dl. Control /Display for Remote Gimbals 

02. Control /Display for Remote Cameras (TV and Photo) 

D3. Automatic Adjustment for Control of Remote Equipment 
D4. Voice Intercommunication 

D5. Control and Display Activation and Monitoring 

Equipment, Keyboard 

D6. Hardware for Accepting Remote Commands 

D7. Display and Software for Record Keeping, Procedures, 
Schedules, and Maintenance 

D8. Computer Programmed for Command and Control of a 
Specific Function/Task by Artificial Intelligence 
D9. Encode/Decode Data Equipment 

DIO. Data Computation and Reduction Equipment 

Dll. Input/Output Data Buffer Equipment 

D12. Central Timing Unit 

D13. NSSC Interface Management Unit 

D14. Remote Units 

D15. CDMS Central Unit 

D16. High-Rate Recorder 

D17. Low-Rate Recorder 

D18. NSSC-II Computer 

Dl 9. Ku-Band Communication Equipment 

D20. S-Band Communication Equipment 

D21. Low-Gain Antennas 

D22. RF Transfer Switcn 

D23. Support Instrumentation/Sensor Equipment 

D24. Telemetry Unit 

D25. Payload Command and Data Acquisition Unit 


(Continued) 


(3.4.6) 


Table 3-5 

SUPPORT EQUIPMENT LIST FOR COSTING VARIOUS MAN-MACHINE MODES (Continued) 


E. Orbital Mobility Systems (3.4.8) 

El. Orbital Maneuvering Vehicle (OMV) 

E2. Orbital Transfer Vehicle (OTV) 

E3. Telepresence Manipulator System (TMS) 

F. Operating Systems Software (3.4.9) 

FT. User Interface 

F2. Facility Readiness Test (Integration) 

F3. Dynamic Scenario Profile Generation 

F4. Command Generation 

F5. Telemetry Data Handling 

F6. Input/Output 

F7. Test Data Generation 

F8. Data Base Generation/Maintenance 

F9. Data Reduction 

FIO. Support Software 

Fll. Software for Command and Control Hardware Controlled from a Remote 
Ground or Orbital -Based Work Station 
FI 2. Software for Computer Programmed for Command and Control of a 
Specific Function/Task by Artificial Intelligence 


essentially constant regardless of the level of complexity of the task 
required. Since only relative costs were to be determined, this line of 
reasoning permitted different examples to be used with different activities. 

To aid in the process, an evaluation sheet, shown in Figure 3-12, was 
developed. For each of the generic activities, a specific example was 
selected to analyze for each of the applicable man-machine categories. Tne 
support equipment items were tnen identified that would be required in order 
to accomplish the assigned task in eacii man-machine category. For example. 
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SUPPORT EQUIPMENT REQUIREMENTS 


ACTIVITY NUMBER: 1 

CATEGORIES OF MAN-MACHINE INTERACTIONS 
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HUMAN SUPPORT EQUIPMENT REQUIRED (SEE TABLE E- 

1) 


A1 

A1 

A1 

A1 

A2 

A1 

A2 


C8 

C8 

C9 

CIO 

A5 

D5 

A3 
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D5 
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A4 
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FT! _ 

A5 
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EXAMPLE - Activate Cai.urd/T.V. Inage Gathering Equipnent 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERATED 

SUPERVISED GROUND 

SUPERVISED ON-OPBIT 

INDEPENDENT 


- 35 mm Canera 

- 35nn Canera with Auto Advance 

- 35mm Canera with Auto Timing Sequence 

- RMS TV Canera 

- TV Camera 

- TV Canera 

- Satellite Image Equipnent 


‘Considered as one item of support equipment 
D8 - Computer Hardware 
FI2 - Associated Software 

Figure 3-12. Typical Support Equipment Evaluation Sheet 
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referring to Figure 3-12, the specific example selected for "Activate/Initiate 
System Operation" is the "activation of camera/TV image-gathering equipment." 
Accomplishing this task in the manual category through an EVA mode of 
operation involves four items of support equipnent. Referring to Table 3-5, 
the four items required were identified as follows: 

A1 - Space Station Facility 

B1 - Extravehicular Mobility Unit (EMU) 

C8 - Support Equipment, Experiment Specific, $10,000 
(35mm Camera Equipnent) 

Cl 3 - Restraints to Support Manned Activities 

This support equipment identification process continued through the rest 
of the applicable man-machine categories. 

In the Supported mode, the system might include a motor-driven advance. 

In the Augmented mode, tne adjustment of the lens opening and timing sequence 
might be automated. In the Teleoperated mode, the camera would be adjusted by 
remote command. In the Supervised mode, the initiation of the picture 
sequences would be commanded from a remote location but the activation of all 
operations would be preprogrammed. In the Independent node, the system would 
be activated by a self-contained sensor system. 

Although the performance times for IVA and EVA operations were judged to 
be similar as discussed in Section 3.2, the support equipment items necessary 
for IVA and EYA operations ware usually different. Accordingly, both IVA and 
EVA support requirements were identified when applicable, as illustrated in 
Figure 3-12. 

The 37 activity support equipment evaluation sheets will be found in 
Appendix E. Each sheet contains the table of required support equipment items 
for each of the man-machine categories for both IVA and EVA modes of operation 
where applicable. Also the specific examples that were chosen to represent 
the generic space activity are indicated on the sheets for each of the seyen 
man-machine categories. 
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3.4 ECONOMICS OF HUMAN ACTIVITIES IN EARTH ORBIT 

The development of comparative cost data for use in evaluating the 
economic advantages and disadvantages of the alternative modes of man-macnine 
interactions consisted of two steps. These steps were to (1) identify the 
significant factors influencing space activity costs, and (2) establish a 
usage cost methodology for all elements included in these identified cost 
factors. The activity support requirements described in Section 3.3 provided 
the initial definiton of the cost factors. Once a cost methodology was 
established, the relative cost differences in accomplishing each of the 
generic classes of activities by each of the alternative man-machine modes 
could be determined. 

Activity support requirements were found to fall into two general groups. 
These two groups can be identified as (1) time related and (2) 
frequency-of-use related requirements. The time related group is 
characterized by the requirement for a support element to be used over an 
estimated activity timeline and includes use of the space station facility, 
the ground control and data handling facilities, the tracking and data relay 
satellite system, and the EVA support items. The frequency-of-use related 
group is characterized by the requirement for a multiuse support item needed 
to perform an activity and includes tool kits and 
mechanical support equipment; command, control, communication and data 
management equipment; unmanned platform basic resources; orbital mobility 
systems; and operating systems software. 

The approach used to develop usage cost methodology for the above listed 
support requirements is described in the following paragraphs, starting with 
the time related group followed by the frequency-of-use related group. 

3.4.1 Space Station Facility 

No firm guidelines or charge policies for developing operational user 
costs in the Space Station era are currently available from government 
sources. Accordingly, the general approach taken in this study was to 
establish a mission-related incremental cost as the basis for charging space 
activities requiring direct human involvement at the space station. The 
incremental cost was defined as the cost difference between full 


mission-support capability and "zero mission" man-in-space-only capability. 

The basic space station sizing parameters (crew size, number of modules, 
eiectrical power, commum cations data rate, and thermal control ) were defined 
for both a full capability IOC station and a hypothetical "zero mission" 
station that supported no payloads and was required only to maintain itself in 
orbit. The differences in design parameters between the "zero mission" and 
tne "full capability" configuration are illustrated in Figures 3-13 and 3-14. 
Activity costing factors are presented in Table 3-6. 

The HDAC computerized space facility cost prediction model was then run 
with these two sets of values to establish the incremental cost associated 
with the support of potential users or specific missions. The cost difference 
between the zero capability and the full capability facility was adjusted to 
exclude design and development cost assuming that nonrecurring cost should not 
be included when developing a baseline for estimating user charges. A 
ten-year life was assumed for the hardware represented by the resulting 
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Cost elements that are primarily a function of time use (cost/minute) 


o Space station facilities and logistics operations 
o Ground control and data handling facilities 
o Tracking and data relay satellite system 
o EVA support items 

Cost elements that are primarily a function of number (N) of uses (cost/use) 


o Tool kits and mechanical support equipment 
a Command, control, communications and data management equipment 
o Unmanned platform resources 
0 Orbital mobility systems 
o Operating systems software 
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incremental space station facility cost. A straight line amortization results 
in an average cost per year which when divided by available operating ' 
man-hours per year yields a cost of $10,427 per operating hour for manned 
utilization of the space station pressurized volume and utility services. 

This calculation is illustrated in Table 3-7. 


PRESSURIZED VOLUME AND UTILITY SERVICES COST* 1 ) 



nm 

CAPABILITY 

STATION 

6 

(3x10) 



MISSION 

STATION 

6 

(3 x 10 ) 

INCREMENTAL 

COST 

6 

(3x10 ) 

Simulator/Development Hardware 

1380 

794 

586 

Flight Hardware 

2244 

1366 

878 

Total 

3624 

2160 

1464 

Amortized Incremental Cost = 

JV1464M 

= $146.4M/yr 


10 years 



cost Per Operating Hour = 

31 46.4M/yr 

= 310,427/hr 


14,040 hrs/yr* 

:z) 



(1 ) Production cost only; excludes design and development cost. 
(2)6 men x 9 hrs/day x 5 days/wk x 52 wks/yr = 14,040 hrs/yr. 


A similar incremental cost approach was used to estimate logistics 
operations (replacement spares, consumables, maintenance, and repairs) 
associated with the space station facility. This resulted in a cost of 
$12,201 per operating hour for space station logistics operations. The MDAC 
cost model run generated the values for this calculation and these values are 
summarized in Table 3-8. 

The incremental cost for logistics transportation was determined by 
allocating the Space Shuttle flight cost in proportion to the ratio of 
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Table 3-3 

LOGISTICS OPERATIONS COST 



'FULL 

CAPABILITY 

STATION 

6 

(3x10) 

ZHD 

MISSION 

STATION 

6 

(3x10) 

INCREMENTAL 

COST 

6 

(3x10 1 

Replacement Spares A Consumables 

261.5/yr 

129.7/yr 

131.8/yr 

Maintenance A Repairs 

97.8/yr 

58.3/yr 

39.5/yr 

Total 

359.3/yr 

183.0/yr 

171.3/yr 

Cost Per Operating Hour = 

$1 71 . 3M/yr 

= $12,201 /hr 


14,040 hrs/yr 




logistics operations incremental cost to full capability cost with a further 
cost-sharing adjustment. This resulted in a cost of $9,402 per hour 
calculated as follows: 

Assuming 202 sharing with other payloads and 4 STS flights per year; 

Total Cost = $8614/ f 1 1 x 802 x 4 flts/yr « $275.2H/yr 

Allocation factor (from logistics operations) = S171.3M = 482 

$35 9.3m 

Incremental Cost = $275.2l1/yr x 482 = $132M/yr 

Cost per Operating Hour = $132M/yr = $9, 402/hr 

14,040 hrs/yr 

In addition to the three major elements of space station facility cost 
described above, estimates were added for use of airlock and safe haven 
resources to complete tne space station facility usage charge. Based on data 
contained in the MDAC cost data bank, these two items were estimated at $164 
per hour and $328 per hour, respectively. The sum of all five elements 
amounts to $32,522 per hour (or $542 per minute) for use of the space station 
facility. This value is summarized in the Table 3-9. 
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Taole 3-9 

SPACE STATION FACILITY 

COST PER OPERATING HOUR FOR ACTIVITIES REQUIRING DIRECT HUMAN 
INVOLVEMENT IN SPACE 
(1984 Dollars) 


Pressurized Volume & Utility Services 

SI 0,427 

Logistics Operations 

12,201 

Logistics Transportation 

9,402 

Airlock 

164 

Safe Haven 

328 

Total Space Station Facility 

332,522 




3.4.2 Gr ound Control and Data-Handl ing Facilities 

This category within the time-related group includes the ground control 
center, payload control center, and data-handling facility. The time-related 
charges for use of these facilities is based on a ten-year amortization of 
production cost plus annual operations cost allocated over the estimated 
annual availability time. The production and operations cost data were 
obtained from the MDAC Space Platform Ground System Study*. An example of the 
usage charge calculation for the ground control center is as follows: 

Amortized Production Cost S3.874M - 10 yrs = $ 0.387M 
Annual Operations Cost 3.345M 

Total Annual Cost S3.732M 

Annual Availability Time = 480 minutes per day (8 hours) x 5 days per week 
x 52 weeks per year = 124, 8G0 minutes 
Cost per Minute 31 $3.732M/yr = $30/min 

124,800 min/yr 


* Ford Aerospace and Communications Corporation, Space Platform Ground 
System Study, Baseline Data Package, prepared under MDAC Contract 
NAS8-33955, July 1982 (see Reference 70). 
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Costs per minute for the other two facility items were calculated in a 
similar manner. The results of these calculations are summarized in 
Table 3-10. 


Table 3-10 

GROUND CONTROL AND DATA-HANDLING FACILITIES 
USER SERVICE CHARGE PER MINUTE 
(1904 Dollars) 


1. Ground Control Center, Baseline System $30/min 

2. Payload Control Center, Baseline System 46/mi n 

3. Data Handling Facility, Baseline System, 11/min 


3.4.3 Tracking and Data Relay Satellite System (TDRSS) 

The time-related charge for use of the TDRSS is $110 per minute. This was 
obtained from the NASA Management Instruction, "Tracking and Data Relay 
Satellite System (TDRSS), Use and Reimbursement Policy for Non-U. S. Government 
Users," March 1383. 

3.4.4 EVA Support Items 

This category within the time-related group includes the Extravehicular 
Mobility Unit (EMU), the Manned Maneuvering Unit (MMU), and the Remote 
Manipulator System (RMS). The time-related charges for use of these items is 
based on a ten-year amortization of production cost plus annual operations 
cost allocated over the estimated annual availability time. An example of the 
usage charge calculation for the EMU is as follows: 

Amortized Production Cost $2.0M i lOyrs = $ .2M 
Annual Operations Cost 2. Oil 

Total Annual Cost $2.2M 

Annual Availability Time = 540 minutes per day (9 hours) x 5 days 
per week x 52 weeks per year = 140,400 minutes 
Cost Per Minute = $2.2H/yr = $15. 67/mi n 

140,400 min/yr 
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Costs per minute for the other two items were calculated in a similar 
manner. The results of these calculations are summarized in Table 3-11. 

Table 3-11 

EVA SUPPORT ITEMS USER SERVICE CHARGE PER MINUTE 
(1934 Hollars) 


Extravehicular Mobil ity Unit (EMU) 
Manned Maneuvering Unit (MMU) 
Remote Manipulator System (RMS) 


(1) Contacts with JSC Personnel (1933 - 1934). 

(2) Quote from Spar Ltd., Canada, 1983. 


315. 67/mi n. tri 
53. 33/mi n. ^ 1 
121.00/min. (2) 


3.4.5 Tool Kits and Mechanical Support Equipment 

This first category within the frequency-of-use related group includes 
special tools, test sets, refurbishment kits, restraints, etc., which could be 
used to support a number of different activities and would probably be reused 
many times during their operational life. The cost per use for these items is 
based on an approach that employs a quantity-adjusted amortization of unit 
production cost combined with a dollar-value-adjusted operations cost. The 
following equation is used to estimate the usage charge for the equipment 
items as a function of number of anticipated uses. 

Cost/Use a pr + 

N 

where C = initial production unit cost of item 

where N = number of times an activity is performed using the item 

The first terra of tnis equation represents an amortization of the initial 
unit cost (cost divided by numoer of uses). It will be noted that the number 
of uses (N) is adjusted by an exponent whose value is 0.348. This adjustment 
is applied to account for the greater risk of equipment failure and potential 
replacement as the item is continually used and refurbished over its entire 
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useful life. The 0.848 exponent is related to a 90S cost-reduction curve 
which is commonly used in cost/quantity relationships. In the present 
application, doubling the number of times an activity is performed results in 
an average cost which is 90S of the previous cost. As an example, a change in 
frequency from 10 to 20 {a factor of 2) would reduce the average unit cost as 
follows: 

( 2 0. 848 j i 2 = 0.9Q or 90S reduction 

Applying this approach to the computation of equipment cost amortization 
results in a progressively greater value for the amortization of initial cost 
compared to a straight-line amortization schedule, as the number of uses 
increases. 

The second term of this equation represents a recurring operations cost 
per use for maintenance and refurbishment, calculated as a percentage of 
initial equipment cost. The scaling adjustment applied here (the exponent 
whose value is 0.8) results in a decreasing percentage of initial cost as the 
initial cost becomes larger. Tms rationale allows for an adequate 
refurbishment charge for a relatively low cost item and also prevents an 
excessive cnarge being applied to a very high cost item. As an example, the 
percentage charge on a $10,000 item is approximately 4» whereas the percentage 
on a $10,000,000 item is only about H. These percentages are judgment 
factors based on related analysis from previous studies. The base production 
unit cost data and data sources for all items in this category are summarized 
in Table 3-12. 

3.4.6 Cony, land, Control, Communication , and Data Management Equipment 

Tms frequency-of-use category includes control /display panels, computers, 
keyboards, data storage equipment, intercom devices, servo actuators, 
encoders, decoders, and support instrumentation. All are assumed to be 
multiuse items capable of supporting a number of different acivities. The 
same cost per use equation described under Tool Kits and 1-lechamcal Support 
Equipnont is used to estimate the usage charge for these items. The base 
production unit cost data and data sources for all items in this category are 
summarized in Table 3-13. 
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TOOL KITS AND MECHANICAL SUPPORT EQUIPMENT 
PRODUCTION UNIT COSTS 
{1984 Dollars) 


1 . 

Power Tool, Portable 

3 52,000 

ITT 

2. 

Tool Kits, Manual 

16,000 

(2) 

3. 

Gas Recharge Kit 

76,000 

(1) 

4. 

Fluid Recharge Kit 

152,000 

(1 ) 

5. 

Test Set, Alignment/Calibration, Portable 

315,000 

(1 ) 

0 . 

Test Set, Electrical Checkout 

- 210,000 

(1 ) 

7. 

Surface Coating/Refurbishment Apparatus 

456,000 

(1 ) 

8a. 

Support Equipment, Experiment Specific 

10,000 

(3) 

3d. 

Support Equipment, Experiment Specific 

50,000 

(3) 

8C. 

Support Equipnent, Experiment Specific 

250,000 

(3) 

8D. 

Support Equipnent, Experiment Specific 

1,000,000 

(3) 

9. 

Cherry Picker with Work Platform (RMS) 

645,000 

(2) 

10. 

Restraints to Support Manned Activities 

124,000 

(2) 

11. 

Life Sciences Experiments Tool Kits 

34,000 

(3) 


(1 ) McDonnell Douglas Astronautics Company, Power System Design Concept Study, 
Phase C/D Cost Estimate, DR-6 Final Report, Contract NAS8-33955, June 1981. 

(2) Essex Corporation, Analysis of Large Space Structures Assembly, NASA 
Report No. 3751, December 1983. 

(3) McDonnell Douglas Astronautics Company, In House Studies and Engineering 
Judgment. 


3.4.7 Unmanned Platform Basic Resources 

Tins category provides a usage charge for the basic resources portion of 
the unmanned platform (subsystem capability not required to support payloads) 
where unmanned support is required to perform a particular activity. The HDAC 
cost model predicts a total platform production cost of 3364. 6o million or 
$36,466 million per year asuming a ten-year amortization. Tne ratio of 
platform subsystem power requirements to total power requirements is 
2.5 kW/14.0 kW or 0.17857. Applying this ratio to the $36,466 million per 
year total results in an allocation of 36.512 ini 11 i on per year for platform 
basic resources. 

A current platform mission analysis shows an average of 1260 activities 
per year involving platform usage. The average cost per use based on these 
values is $6.512M/1260 = $bl 63/use . Applying the quantity adjustment exponent 
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Table 3-13 


COMMAND, CONTROL, COMMUNICATION, AND DATA MANAGEMENT EQUIPMENT 
PRODUCTION UNIT COSTS 
'■*** (1934 Dollars ) 


1. 

Control /Display for Remote Gimbals 

$1 55,000 

(1) 

2. 

Control /Display for Remote Cameras (TV and Photo) 

108,000 

(1 ) 

3. 

Automatic Adjustment or Control of Remote Equipnent 

608,000 

(1 ) 

4. 

Voice Intercommunication 

381,000 

(2) 

5. 

Control and Display Activation and Monitoring 
Equipment, Keyboard 

175,000 

(1 ) 

6. 

Hardware for Accepting Remote Commands 

75,000 

(3) 

7. 

Display and Software for Record Keeping, Procedures, 
and Schedules Maintenance 

200,000 

(1) 

8. 

Computer Programmed for Command and Control of a 
Specific Function/Task by Artificial Intelligence 

1,521,000 

(1) 

9. 

Encode/Decode Data Equipment 

68,000 

(3) 

10. 

Data Computation and Reduction Equipnent 

380,000 

(1 ) 

11. 

Input/Output Data Buffer Equipment 

141,000 

(1 ) 

12. 

Central Timing Unit 

1 ,305,000 
770,000 

(1 ) 

13. 

NSSC Interface Management Unit 

(1 ) 

14. 

Remote Units 

324,000 

(1 ) 

15. 

CDMS Central Unit 

567,000 

(1 ) 

1 5. 

High-Rate Recorder 

2,418,000 

(1 ) 

17. 

Low-Rate Recorder 

495,000 

(1 ) 

18. 

NSSC-II Computer 

1 ,521 ,000 

(1 ) 

19. 

Ku-Band Communication Equipment 

7,029,000 

(1 ) 

20. 

S-Band Communication Equipnent 

1 ,570,000 
405,000 

(1 ) 

21. 

Low-Gain Antennas 

(1 ) 

22. 

RF Transfer Switcn 

81 ,000 

(1) 

23. 

Support Instrumentat’on/Sensor Equipment 

3,108,000 

(1 ) 

24. 

Telemetry Urrrt 

68,000 

(1 ) 

25. 

Payload Command and Data Acquisition Unit 

432,000 

(1 ) 


( 1 ) McOonnel 1 Douglas Astronautics Company, Power System Design Concept Study, 
Phase C/D Cost Estimate, DR-6 Final Report, Contract NAS8-33955, June 1981. 

(2) McDonnell Douglas Astronautics Company, Manned Orbital Systems Concepts Study, 
Final Report - Progranmatics for Extended Duration Missions, Contract 
NAS8-31 01 4, Report No. MDC G5919, September 1975. 

(3) McDonnell Douglas Astronautics Company, Payload Assist Module (PAM) Program, 
Actual Cost Experience for Similar Items. 
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of 0.343 descriDed under tool kits results in a calculated first use (C) of 
$2.2 million as follows: 


1260 


,0.348 


$5168 


C = $2.2 million 


The general equation for cost per use as a function of number of uses (N) 
is tnen 


$2.200t1 

tf).848 


Operations cost was estimated to be 25$ of the production cost 
relationship or 


$0.550(1 

^.848 


3.4.8 Orbital Mobility Systems 

This frequency-of-use category includes the Orbital Maneuvering Vehicle 
(OMV), the Orbital Transfer Vehicle (QTV), and the Telepresence Manipulator 
System (TMS). These are all complex, expensive systems that will be designed 
for multiple applications and large numbers of uses. The cost per use for 
these items is based on an approach similar to that described under Unmanned 
Platform Basic Resources. A ten-year amortization of production unit cost was 
ag'ain used along with an assumption of 250 uses per year. An example using 
the TMS shows the following calculations: 

Amortized Annual Production Cost = $41.0 million i 10 years = $4.1M/yr 

Average Cost Per Use = $4,111 * 250 = 316,400/use 

Calculated First Use (C) = $16,400 x 250°’ 848 = 31.771M 

Operations First Use = 0.25 x $1 .771 M = $0.44311 

These calculated values amount to 0.0432 and 0.0108 times production unit 
cost as follows: 

Production First Use = $1,771(1 * $41.000M = 0.0432 

Operations First Use = 3Q.443M v $41 .00011 = 0.0108 

ry/ 
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Since the same ten-year amortization and 250 uses per year is used for all 
three items in this category, the following general equation can be used to 
estimate the usage charge for tnese items as a function of number of 
anticipated uses: 

0.0432C 0.01 08C 

Cost/Use = ' 1 |).84S + f jJ.848 

where C = initial production unit cost of item and N = number of times an 
activity is performed using the item. 

The base production unit cost data and data sources for the three items in 
this category are summarized in Table 3-14. 

Table 3-14 

ORBITAL MOBILITY SYSTEMS 
PRODUCTION UNIT COSTS 
(1984 Dollars) 


1. 

Orbital Maneuvering Vehicle (0 MV) 

$ 65,000,000 

(1) 

2. 

Orbital Transfer Vehicle (OTV) 

131,000,000 

(2) 

3. 

Telepresence Manipulator System (TMS) 

41 , 000, 000 

(3) 

(1 ) Contacts with JSC Personnel (1903 - 1984). 

(2) Consensus of Previous NASA and Contractor Studies. 




(3) Essex Corporation, Analysis of Large Space Structures Assemoly, NASA 
Report (to. 3751, December 1983. 


3.4.9 Operating Systems Software 

Software items are also charged as a function of number of uses, but a 
slightly different approach was employed and may be described as follows: 


Cost/Use 


C A 0.55C 

N + 

N 


where u = initial software development cost and N = number of times an 
activity is performed using the software element. 
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Tne first term of this equation represents a straight-line amortization 
of tne initial software development cost. Although the general cost analysis 
groundrule was to amortize production cost only, software does not have an 
identifiaDle production cost and its development cost is considered comparable 
to hardware production cost as a base for amortization. The software items 
included in support requirements are all general, multimission systems and do 
not include payload-specific software. No cost/quantity adjustment was 
applied for risk of failure since the hardware adjustment did not appear 
applicable in the case of repetitive use of software. The second term of the 
equation represents a recurring operations cost-per-use for software 
maintenance. Data from the 1982 Space Platform Ground System Study indicate 
that software maintenance at a nominal 100 uses over 10 years amounts to aoout 
110% of original software developnent cost. Since software maintenance is 
related to time as well as number of uses, it was assumed that the minimum 
software maintenance charge for one use over ten years would be 50% of the 
nominal 10-year cost, or 55% of initial software development cost. This 
starting value was scaled in relation to quantity using the same 0.848 
exponent application described under equipment cost amortization. This 
results in an increasingly greater total software maintenance operations cost 
as tne number of uses increases. The base software development cost data and 
data sources for this category are summarized in Table 3-15. 

3.4.10 Cost Methodology Application 

Application of the above described cost methodology, shown scnematical ly 
in Figure 3-15, consists of (1 ) obtaining inputs of support requirement 
elements from tne activity definition sheets and mean times to perform from 
the activity timeline sheets, (2) running the appropriate equations with the 
applicable unit cost and cost per hour data for a representative number of 
times performed, and (3) plotting the composite cost/quantity calculations in 
the form of cumulative cost versus frequency of use curves. The results of 
the cost methodology application consist of 37 sets of cost curves which 
summarize, for each of tne 37 generic space activities, the relative economics 
associated with the performance of each activity by the seven alternative 
modes of man-machine interaction. All 37 sets of cost versus frequency of use 
curves are presented in Appendix F. Two variations in the data plotted are 
presented for each activity. The first variation excludes operations costs 
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Table 3-1 5 

OPERATING SYSTEMS SOFTWARE 
SOFTWARE DEVELOPMENT COSTS 
(1984 Dollars) 


1 . User Interface 

2. Facility Readiness Test (Integration) 

3. Dynamic Scenario Profile Generation 

4. Command Generation 

5. Telemetry Data Handling 
b. Input/Output 

7. Test Data Generation 

8. Data Base Generation/Maintenance 

9. Data Reduction 
1U. Support Software 

11. Software for Command and Control Hardware Controlled 
from a Remote Ground or Orbital -Based Work Station 

12. Software for Computer Programmed for Command and 
Control of a Specific Function/Task by Artificial 
Intelligence 

(1) McDonnell Douglas Astronautics Company, Power System Design Concept 
Study, Phase C/D Cost Estimate, DR-6 Final Report, Contract 
NAS8-33955, June 1981. 

(2) ’ Ford Aerospace and Communications Corporation, Space Platform Ground 

System Study, Baseline Data Package, prepared under MDAC Contract 
NAS8-33955, July 1982. 


$1,654,000 (2 

1.654.000 (2) 

6.565.000 (2) 

3.283.000 (2) 

4.911.000 (2) 

1.654.000 (2) 

465.000 (2) 

956.000 (2) 

465.000 (2) 

956.000 (2) 

8.478.000 (1 ) 


16,956,000 (1) 


associated with equipment refurbishment, platform operations and maintenance, 
orbital mobility systems operations, and software maintenance. The second 
variation includes these operations costs along with all applicable 
time-related usage charges and frequency-of-use related production cost 
amortization charges. The inclusion of operations costs probably represents a 
more equitable approach to establishing user charges. The data excluding 
operations cost are presented to recognize the current generalized level of 
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Figure 3-15. THUR1S Cost Methodology 


operations cost analysis and provide an easy means to cost 

data resulting from future detailed operations analysis. 

Figure 3-16 illustrates the application of the cost metnodology for one of 
the 37 generic space activities, “Implement Procedures/Schedules. " The 
activity definition and timeline sheets (see Appendices D and E) for this 
activity identify the specific support requirement items and mean times to 
perform this activity in each of the seven modes of man-machine interaction. 
The costs per use for time-related itemS* (see Figure 3-15) are calculated as 
toe product of the mean time to perform (from the activity timeline sheet) and 
the applicaole cost per hour or minute (from Sections 3.4.1, 3.4.2, 3.4.3, and 
3.4.4). The costs per use for frequency-of-use related items (see Figure 
3-15) are calculated using the applicable production unit costs or software 
costs entered into the appropriate equations documented in Sections 3.4.5, 
3.4.6, 3.4.7, 3.4.8, and 3.4.9. Cumulative costs are calculated for all 
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1000 - 



Number of Times Activity is Performed 


Figure 3-16. Activity 20-Implementation Procedures/Schedi.Ies Cumulative Cost vs. 
Repetitions Including Operations 


specified items at representative quantities of 1 , 2, 5, 10, 20, 50, 100, 500, 
1000, 5000 and 10,000 to provide sufficient data points to plot the composite 
cost versus f requency-of-use curves for each of the seven man-machine 
interaction modes. 

3.4.11 Observations 

Although the implementation costs for each individual activity in each 
man-machine interaction mode are somewhat different, a rather significant 
observation is that the cost level for direct human involvement (manual, 
supported, augmented, or teleoperated modes) generally remains considerably 
lower than the cost for remote human involvement (supervised and independent 
modes) over a large number of times that the activity might be performed (1 to 
1000 times). As may be noted on Figure 3-16, the cost differentials were 
generally observed to span two orders of magnitude when only a few activations 
are required (1 to 10) but narrowed to one order of magnitude when the number 
of activations approached 1000. For the most activities, the manual mode can 
be performed in a relatively short time period (less than 1 hour) with only 
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minimal inexpensive support equipment. The $32,522 per hour space station 
facility charge, although a significant factor if lengthy times are involved, 
remains at a relatively low cost level for short time periods until the 
frequency of use approaches 1000. Performing activities in the independent or 
teleoperated modes requires, in most cases, a relatively expensive initial 
Investment in support equipment and software which does not compare favorably 
with the manual mode unless amortized over a large number of uses. 

Variations from the patterns observed in Figure 3-16 occurred for a few 
activities where unusual equipment or timeline requirements were specified for 
a particular mode of man-machine interaction. For example, the relatively 
high cost for Activities 36 and 37 - Transport Loaded/Unloaded (see Figure 
3-17) in the teleoperated mode occurs because the average time to acomplish 
this class of activity with a teleoperator was estimated to be 60 minutes as 
predicated upon the timeline data of Subtask 2.2. Another example is Activity 
32 - Replace/Clean Surface Coatings (see Figure 3-18) where the manual and 
supported modes also become relatively costly when the number of times the 
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Figure 3-17. Activity 36 — Transport Loaded Cumulative Cost vs. Repetitions Including Operations 
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Figure 3-18 Activity Number 32 - Replace/Clean Surface Coatings Cumulative Cost vs. Repetitions 
Including Operations 
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activity is to be performed increases to one hundred or more. Again, this was 
due primarily to the average time (150 minutes) required for this activity in 
tne manual mode as derived from the timeline r*ata developed in Subtask 2.2. 

A principal criterion used to identify the critical technology issues to 
be considered in Task 3 is the need to improve productivity and to thereby 
reduce the cost of future space operations. One of the highest cost 
activities identified to date, especially in the supervised and independent 
modes of operation, is Ac tivity Humber 27 - Problem Solvinq/Decision Making 
and Data Analysis (Figure 3-19). The cost in this case is due in large part 
to the requirements for relatively expensive sensors, instrumentation, and 
software needed when operating in the supervised and independent modes. This 
suggests the need for a better understanding and coupling of artificial and 
human intelligence and the development of techniques for the effective 
utilization of “expert" systems. On the other hand, in Activity 32 (see 
Figure 3-17), the high cost of the manned and supported modes suggests the 
need for improvements in the process technology for cleaning optical surfaces 
and/or coatings in space. 
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Number of Times Activity ts Performed 

Figure 3-19. Activity Number 27 - Proo!»m Sotvmg/Oecision Making/Date Analyse Cumulative Cost 
vs. Repetitions Including Operations 

3.5 EVALUATION 

In Section 3.1, a generic set of mission activities was described based 
upon a review of past and proposed space missions. This generic set of 
activities was designed to provide the building blocks from which future space 
missions could be synthesized. In Section 3.2, comparative timeline data for 
each of the basic activities were developed. In Section 3.3, the support 
equipment requirements associated with each activity implementation option 
were identified and this information in turn was used in Section 3.4 to 
prepare comparative cost data associated with the provision, support, and 
utilization of various degrees cf direct human involvement in future space 
missions. 

Tne techniques described and the information developed in the preceding 
sections provide the framework for developing a methodology comparative 
costing. It is intended that this notnodology provide a basis for evaluating 
the impact of varying degrees of human involvement on the effectiveness and' 
economy of satisfying the requirements of future space projects. In 
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accomplishing this goal, it was believed that the comparative data would be 
most useful if they were expressed in a tabular or graphic format. Factors 
that need to be considered ir. formulating a strategy for evaluating the impact 
of varying degrees of human involvement in satisfying the activity 
requirements are (1) the performance limits associated with direct or indirect 
human involvement, (2) the number of times a specific activity is to be 
performed, (3) and the number of different activities that are required to be 
performed in the operational sequence being examined. The limiting factors on 
direct human involvement are primarily associated with sensing (whetner 
stimuli are within or outside of the range of human sensory capability); 
information processing (whether or not the complexity of the information to be 
processed requires supplemental aids); and action (whether or not the action 
required is within the range of human motor responses). These limiting 
factors are well documented, as discussed in Section 2 and can be addressed in 
cnecklist fashion in the initial conceptual design phase of the program 
development process. 

In many cases, alternative modes of man-machine interaction could satisfy 
performance requirements. The issue then becomes one of cost; i.e., which of 
the applicable man-machine modes of interaction is the most cost effective. 

In addressing this issue, the most important factors are the number of 
times a specific activity is to be performed, and the number of different 
activities that are required to be performed in the operational sequence. 
Conventional wisdom would suggest that even if a given activity were capable 
of being performed in a manual mode, the cost of a man/hour or man/minute in 
space is so hi gh that if that activity were required to be repeated a number 
of times, a cross-over point would quickly be reached where it would be most 
cost effective to implement a more automated approach to the activity 
performance. In similar fashien, it can be reasoned that the human operator is 
basically a single channel mechanism and cannot be expected to perfom 
multiple activities simultaneously although the activities might be performed 
serially if the performance time permits. 

In order to provide a comparative base for examining the cost 
effectiveness of tne various man-machine modes and to establish the cross-over 
points where one mode becomes more cost effective than anotner, it was 
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believed desirable to equate the relative cost of performing each activity by 
each of tne modes of implementation to a common dollar base, and to thereby 
establish a family of equal cost curves based upon the following relationship: 

(A) (a) 



Cost for Performing 


Cost for Performing 

Hc-ation 

an Activity "N" 

= 

an Activity "N" 

One 

Times in tne 


Times in an 


Direct Manual Mode 


^Indirect Mode 


If A > B, then an indirect mode should be considered. If A < B, then 
a direct mode should be considered. If A = B, the decision must be based on 
other criteria. One additional factor must be considered in establishing 
these cost relationships, however, and that is the total number of activities 
required in the operational sequence. In dealing with the cost of direct 
manual involvement in the performance of any set of activities, the most 
significant factor is the crew time required and the cost per unit of crew 
time. 

The more activities that are required, the more time is required, and the 
higner the cost. This is true of the manual, supported, augmented and 
teleoperated modes of operation. In the case of the operational modes where 
the human involvement is more indirect (i.e., the supervised-ground , the 
supervised-on-orbit, and the independent inodes), the principal contributor to 
tne cost of performing a set of activities is more directly dependent upon the 
cost of the resources and the supporting equipnent items required to perform 
each activity in orbit rather than upon the time required to accompli sn the 
activity. This means that in the modes requiring indirect human involvenent, 
the reduction of cost due to the potential of sharing common equipment items 
and common resources can be a significant factor in the cost equation. 

A common finding in previous stuaies has been that there is a great deal 
of commonality among the equipnent items required to support a broad spectrum 
of missions, or space activities. That is, the first few activities examined 
will introduce a number of new equipment requirements. This equipnent, 
however, is also found to be required by other activities. As new activities 
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are analyzed, fewer and fewer additional or unique equipment items are 
uncovered. The list of unique items of support equipment grows in a 
negatively accelerated fashion until after some point a plateau is reached and 
tne analysis of additional activities leads to no major changes in the total 
inventory of support equipnent required. As illustrated in Figure 3-20, this 
typical trend also has been observed in the present study. As may be seen 
from Figure 3-20, the initial activity considered required 12 items of support 
equipment. Each additional activity contributed only a few more items of 
support until after the 21st activity, no additional equipment items were 
added to the inventory and the commonality plot reached a plateau. A standard 
MOAC-McAuto curve-fitting program was used to develop the best fitting 
equation to describe this commonality curve. In this process, a number of 
equations were examined including tnose for a log-log linear curve, a true 
power curve, a linear curve fit, an asymptotic power function, a 
semilog-1 inear relation, a 1 1 near-semi log relation, an exponenfal curve, and 
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a quadratic curve. Of these, the best fitting curve describing the study data 
v/as found to be a quadratic equation in the following form: 

Y = 9.3327 + 0.76922X - 0.012933X 2 

where Y is the number of equipment items required, and X is the number of 
activities required in the mission. The coefficient of determination for this 
relationship (R 2 ) was 0.96293. 

Recognizing the fact that most operational sequences .to accomplish mission 
objectives require a number of different activities and recognizing that many 
individual support items would be common to more than one activity, it was 
believed to be desirable to include the commonality factor and to compare the 
relative cost of performing a given activity in each of the man-machine inodes 
(manual, supported, augmented, teleoperated , supervised, or independent) as a 
function of the number of different activities required as well as by the 
number of times each activity is to be repeated during the operational 
sequence. 

If it is assumed that there is a direct relationship between the 
implementation cost for accomplishing a specific activity and the number of' 
supporting equipment items required (i.e., the Activity Implementation Cost is 
a function of the number of equipment items required), then a cost correction 
factor to allow for the commonality of equipment needs among multiple 
activities can be established as follows: 


'COMMONALITY" 

COST 

CORRECTION 

.FACTOR 


r IMPLEMENTATION COSTS FOR "N" ACTIVITIES 
|~nTFi.ti'lLNl Ai'iUN "COSTS F0R _ A"Simt ACliVilr 
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NUMBER OF EQUIPMENT 
ITEMS REQUIRED FOR 
"N" ACTIVITIES 
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9.8327 + 0.76922A N - 0.012933A fJ 2 

9.8327 + Q.76922A] - 0.012938A] 2 

9.8327 + 0.7922A n - 0.01Z933A N 2 

fo7S9 

Table 3-16 lists typical values of the Commonality Cost Correction Factor 
as a function of the number of activities required in the operational sequence. 

A relationship can then be established to compare the cost effectiveness 
of alternative man-machine modes by taking the data on the estimated costs of 
performing a specific activity for any number of repetitions in each 
man-macnine mode, as described in Section 3.4, and applying the following 
assumptions: (1 ) The cost for performing multiple activities in the 

man-machine modes requiring direct manual involvement (manual, supported, 
augmented, teleoperated ) is directly proportional to the number of different 
activities required, and (2) tne cost for performing multiple activities in 
the man-fflachine modes requiring indirect manned involvement (Supervised and 
Independent) can be described by a quadratic relationship as illustrated in 
Figure 3-20. 

The expression presented as. Equation One above can be modified to include 
the commonality factor and the locus of points describing the boundary where 
it is equally cost effective to implement the activity requirements by either 
of two man-macnine modes can be determined as follows: 


COMMONALITY 
COST CORRECTION 
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MULTIPLE ACTIVITIES 
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AN ACTIVITY "N“ 
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IN THE DIRECT MANUAL 
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The commonality Correction Factor is equal to: 


9.3327 + 0.76922A n 
10.59 


0.012933A,, 2 
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Table 3-16 

COMMONALITY COST CORRECTION FACTORS 


Number of Activities 

Commonality Cost Correction 
Factor 

Relati ve 
Cost/Acti vity 

1 

1.00 

1.00 

2 

1.07 

.54 

3 

1.14 

.38 

4 

1.21 

.30 

5 

1.27 

.25 

6 

1.33 

.22 

7 

1.39 

.20 

8 

1.45 

.18 

9 

1.50 

.17 

10 

1.55 

.16 

11 

1.60 

.15 

12 

1.65 

.14 

13 

1.69 

.13 

14 

1.74 

.12 

15 

1.78 

.12 

16 

1.81 

.11 

17 

1.85 

.11 

18 

1.88 

.10 

w - - 

1.91 

.10 . 

20 

1.94 

.10 

21 

1.96 

.09 

22 

1.98 

.09 

23 

2.00 

.09 

24 

2.02 

.08 

25 

2.04 

.08 

30 

2.0/ 

.07 

35 

2.07 

.06 
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where represents the number of different activities. It should be 
cautioned that the basic quadratic equation was derived from the data obtained 
in the current study and should be used only within that frame of reference. 

If the number of activities should significantly change, the optimal 
descriptive equation should be reestablished based upon a new set of limiting 
values. 

Using this approach, equal cost curves for the manual mode compared to 
each of the other man-machine implementation modes were plotted for each 
activity as illustrated in Figure 3-21. When considered individually, each of 
these curves represents the locus of equal cost points for various 
combinations of the, total number of unique activities required and the number 
of repetitions anticipated for a specific activity. Above or to the right of 
specific curves, it is more cost effective to use the man-machine mode noted 
and below or to the left of a specific curve, it is more cost effective to 
consider the use of a manual mode. 



Figure 3-21. Equal Cost Curves for Manual Activation as Compared to Each of the Other Man-Machine 
Implementation Modes. Activity 29 -- Release/Secure Mechanical Interface. 
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When all of the individual curves are plotted together as a family, the 
areas bounded by the individual curves define the regions where each specific 
man-machine mode is the most cost effective. Figure 3-22 portrays these 
regions of applicability. As illustrated in Figure 3-22, if only the one 
activity were required to be performed, it would need to be repeated thousands 
of times before it would be cost effective to provide some degree of automated 
support (i.e. , the supervised mode of operation). On the other hand, if a 
total of 16 activities were required to be performed to accomplish the mission 
objective, and if the number of times Activity 29 was to be performed were 
only two hundred, designing the mission objective to be accomplished in the 
supervised mode becomes an attractive option. 



Figure 3-22 Activity Number 29 Release/Secure Mechanical Interface 


From these graphic presentations of the equal cost curves, it can be 
concluded that if each man-machine mode is equally capable of meeting the 
performance requirements of a group of activities, it generally is more cost 
effective to implement the activity in one of the direct manual modes 
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(including supported or augmented) than in an indirect mode (supervised or 
independent). It is only when a series of 30 or more different activities is 
required to be repeated hundreds of times each, that the indirect modes of 
operation become the more cost effective modes. 
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Section 4 

TECHNOLOGY REQUIREMENTS AND TASKS - TASK 3 

The objectives of this task were to (1 ) identify the requirements for 
technology developments needed to enable and enhance the human role in space 
activities, and (2) uncover gaps that may exist m current technology 
development plans that will need to be filled to realize the full operational 
potential of advanced manned space systems. 

Enabling tecnnology development can be described as those specific 
developments necessary to provide the basic capability required to meet 
specific mission goals and objectives. Enhancing technology describes those 
research and development projects that are supportive of the major enabling 
technologies. The enhancing technological developments generally lead to 
standardization and improvements in productivity including performance, cost 
effectiveness and risk reduction. 

A review of NASA planning documents has led to the conclusion that the 
current plans which NASA is m the process of developing and executing in 
support of the enabling technologies for future space programs do include the 
major issues of concern. No "show stoDpers" were found that would preclude 
the development of a manned space platform capable of supporting the needs and 
objectives of a broad spectrum of future missions. On the other hind, a 
number of areas, which might be termed "enhancing technology," were identified 
where gaps in support exist and where supported research and development 
activities could greatly enhance the accomplishment of a wide range of 
missions in a more cost effective manner. 

4.1 TECHNOLOGY REQUIREMENTS 

In tne identification of requirements for the technological developients 
tnat enable and enhance the human role in future space operations, four 
sources of information were utilized. Tnese were as follows: 

A. NASA Space Systems Technology Model - 5th issue, January 1984. 
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8. Research and Technology Objectives and Plans (RTOPS), 1983-84, as 
available from NASA Centers. 

C. NASA Space Station Task Force Mission Requirement Uorking Group (HRWG) 
Model of tne potential Space Station missions for the years 1991-2000. 

D. Tne 37 generic activities defined in Task 2 of the THURIS study. 

Source A provided an organizational framework for technology planning, 
source 8 provided the list of the research and technology objectives which are 
currently scheduled to be addressed, source C provided a time reference for 
determining when specific operational capabilities were needed, and source 0 
defined the specific man-machine activities that will be required in 
accomplishing the operational objectives defined in source C. By considering 
each of these references in relationship to the others, it becomes possible to 
surface those activities most in demand and to assess the timeliness of NASA's 
planned and ongoing R&D projects as well as to identify areas of R3D coverage 
that may currently appear to be inadequate to support the Space Station 
related missions of the 1991-2000 time period, either in scope or in technical 
focus. 

The first source of information examined was the NASA Space Systems 
Technology Model. ^ This seven-volume document represents a vital element 
of the nation's space tecnnology program planning and implementation process 
and is a companion to the NASA Long-Range Planning Document. It is updated 
annually. Although the Space Systems Technology model covers all technical 
areas, the areas of specific interest to the THURIS study were those dealing 
with the human factors elements of manned systems. 

Three types of human factors operations are described in the Space Systems 
Technology Model. The first class of operations includes "hands-ron" tasks 
performed at crew stations located within the habitable portions of the manned 
space facilities. Technology needs of these work stations include displays, 


(1 ) NASA Space Systems Technology Model , Fifth Issue dated January 1984. 
NASA-Office of Aeronautics and Space Technology, Code RS, Washington, 
D.C. 2U546. Issued under tne authority of Stan R. Sadin, Deputy 
Director, Program Development, OART/RS. 



software advances, and man/machine task allocations. The crew work station 
needs include designs employing emerging display and control technology, "user 
friendly" interfaces, artificial intelligence, computer-aided problem solving, 
and assistance to the crew in decision-making activities. 

The second type of human factors operations is "hands-on" tasks performed 
by the crew during extravehicular activities. Here the enabling technology 
requirements address “next generation" EVA work systems, improved tools, 
transfer aids and procedures. Typical products of these technologies include, 
low-fatigue/long-duration space suits, gloves and accessories, force-aided 
tools and fixtures, restraints and mobility aids, and situation and work 
status displays. 

Tne third type of human factors operations is joint man-machine 
teleoperations, and includes technology focusing on the operator's work 
station, interface equipment and end -effector/actuator units. Elements of the 
work station include controls, operational displays, status monitoring 
displays, and control -display dynamics. Interface equipment issues include 
transmission of signals between operator and effector. The remote 
end-effector/actuator issues address sensing, manipulating, and mobility at 
the remote site. An overall issue is developing the technology which enables 
tne extension of the human motor and sensory presence including botn the 
psychomotor and the human intellect. A few examples of teleoperations 
applications include shuttle-attached manipulators, free-flying satellite 
servicing units, and automatic assembly machines. 

The second source of information examined by the THURIS study team was 
those current Research and Technology Objectives and Plans (RTOPs) available 
as of April 1934 from the NASA centers that considered human factors enabling 
technologies. These RTOPs were arranged into the three types of operational 
considerations identified from the Space Systems Technology Model (Source 
No. 1 ); i .e. , (1 ) crew station design , (2) extravehicular activity , and (3 ) 
teleoperations . The projected status of the outputs of these research areas 
was quantified in terms of the level of technology readiness expected from 
each project between the present time and the IOC of a Space Station 
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(approximately 1991). The readiness levels are defined on a seven-point scale 
■ as shown in Table 4-1. A list of the projects, their assigned NASA lead 

center, and their projected status is shown in Tables 4-2, 4-3, and 4-4, and 
further summarized on Figure 4-1. 

The third source of information examined by the THURIS study team was the 
currently evolving space mission descriptive data being generated for the 
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Table 4*1 Technology Readiness Levels 

LEVEL 1 BASIC PRINCIPLES OBSERVED AH) REPORTED 
LEVEL 2 CONCEPTUAL OESIGN FORMULATED 

LEVEL 3 CONCEPTUAL DESIGN TESTED ANALYTICALLY OR EXPERIMENTALLY 

LEVEu 4 CRITICAL FUNCTION/CHARACTERISTIC DEMONSTRATION 

LEVEL 5 C0MPJf£ NT /BREADBOARD TESTED IN RELEVANT E NY i SO WENT 

LEVEL 6 PROTOTYPE/EHGI'EERING MODEL TESTED IN RELEVANT ENV o'^MENT 

LEVEL 7 ENGI BERING MODEL TESTED SPACE 

LEVEL 8 FULL OPERATIC. AL CAPABILITY (FOC) 

(BASELINED INTO PRODUCTION DESIGN - LEVEL 8} 
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Table 4-2. Crew Station Design Related Projects a id Status 


PROJECT 


TECHNOLOGICAL READINESS LEVEL 
(1-7) & DATE PROJECTION 


- ADVANCED IKFOTttTICM PROCESSING SYSTEM (6) 

FLIGHT DEKQKSTRATIOH (AIPS) - JSC (7) 

- MICROPROCESSOR CONTROLLED MECHANISMS - JSC (3) 

- AUTOMATED SUBSYSTEM MANAGEMENT - JSC (5) 

- CREH STATION HL'KAN FACTORS - JSC (3) 

- SPACE STATION DATA MANAGEMENT SYSTEM - JSC/GSFC (3) 

- MAN'S ROLE IN SPACE MAINTENANCE - MSEC (7) 

- MAN/MACHINE INTERFACE DESIGN TECHNOLOGY - MSFC (6) 

- HABITABILITY TECHNOLOGY - MSFC (3) 

(APPLICATION OF THURIS RESULTS) 

- INTERACTIVE HUMAN FACTORS (TDMX 2970) - MSFC (7) 

- EARTH OBSERVATION INSTRUMENT TECHNOLOGY (TDMX 2260) - LRC (7) 

- HABITATION TECHNOLOGY (TDMX 2520) (7) 


MAR 85 
DEC 88 
AUG 87 
DEr 8a 
FEB 86 
JON 85 
OCT 86 
APR 85 
SEP 86 

JULY 1991 
JULY 1992 
JULY 1991 
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T*bl« 4-3. Extrj»ehtcii!if Activity R»Ut«d Project* and Status 


- 

TECHNOLOGICAL READINESS LEVEL 
H-7) A DATE PROJECTION 

- LASER ASIHRCfSIRIC RAPPING SYSTEfl - JSC 

(A) 

DEC 86 

- GLOVE END EFFECTOR - JSC 

(5) 

FEB 85 

- EVA GENERIC WORX STATION AND RESTRAINTS - JSC 

(6) 

DEC 86 

- EKJ HEADS UP DISPLAY - JSC 

(5) 

JUS 85 

- IIIPV.N SIREKGTH AND HOT ION KODEl - JSC 

(5) 

RAY 87 

- STRUCTURAL ASSERSLY tt/iOKS IRA TIGS EXPERIMENT - RSFC 

(7) 

JUL 85 

- MODULAR COHS TRUCTT 0S/RS8 1 PUL A TOR SERVICING - RSFC 

(G) 

HAS 87 

- ORBITAL ECUIPAOI TRANSFER TECHNIQUES - RSFC 

(1) 

BOY 85 

- imOYTOT/ASSEKSLY/COSTRIICTSSr; (Tuv. TOGO - IRC 

(7) 

JULY 1992 

- LARK SPACE AATEhSA TECKKG1CGY (Ttm 2210) - JPL 

(7) 

JULY 1992 


Ttble 44. Ttlsoptfexiom Related Project* tnd Status 

TECHNOLOGICAL READINESS LEVEL 
(1-7) a DATE PROJECTION 

- HO PIATFQRH/R EMOTE SERVICING - RSFC 

- SPACE PLATFOPJT EXPENDABLES RESUPPLY - RSFC 

- SATELLITE AND SYSTEhS SERVICING - RSFC 

- TELEPRESENCE WORK STATIC - RSFC 

- ADVANCED ORBITAL SERVICING TECHNOLOGY EXPERIISI1TS - RSFC 

- TELEPRESEKE IECHKCLOGY TTPdX 2L60) - J?L 

- SATELLITE SERVICING TECHK3LC6Y (TDffiJ 2S60) - RSFC 

- AIY SERVICIKG TECHNOLOGY (TDTX 2570) 


15) 

DEC 85 

(7) 

APR 83 

(G) 

JA3 87 

(6) 

JUL 87 

(7) 

AUG 85 

(7) 

JUL 1935 

(7) 

JUL 1991 

(7) 

JUL 1991 


Space Station Mission Requirements Working Group (MRWG) Mission Model. Tne 
MRWG Is the part of the Space Station Task Force assigned the responsibility 
for defining a model mission, schedule, and set of requirements for tne 
1 991 -21)00 time frame. Witnin the model at the present time are seven 
technology development missions directly associated with human factors 
enabling technologies. Tnese missions are also included on Tables 4-2, 4-3, 
and 4-4, and are identified by the TDMX designator in parentneses following 
the project title. 

The 37 generic activities defined in Task 2 of the THURIS study were 
correlated with space station crew task assignments involving 16 mission 
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parameters. These parameters Included (1) the location of~ the work (IVA, 

EVA); (2) tne involvement of the crew with the mission equipment (e.g., 
initial setup and checkout, daily routine operations, periodic operations less 
frequent than daily mission equipnent maintenance, repair operations, and 
response to change and unexpected events); and (3) the places where the work 
Is performed relative to eight space station functional elements. These space 
station functional elements Include pressurized modules, attached payloads In 
unpressurized areas, command, control, and co.rsnun1 cations (C 3 ) functions, 
deployment/construction/assembly functions, proximity operations, and payload 
staging for earth return. The descriptions of the functional elements defined 
by the MR<i6 are suntnarized in Table 4-5. 

The results of correlating the generic activities to the space station 
mission parameters are displayed in Figure 4-2. An entry In the body of the 
matrix Indicates that for a particular crew activity and mission parameter 
intersection, a mission-related need vs established*; ‘Inspection of the number 
of mission parameters associated with each of the activities shows that wnile 
all activities are required in various locations to support future missions, 

11 out of the 37 activities are in most demand. Tnese eleven activities 
{Indicated by a count of 15 or 16 in the total column of the matrix) include: 
adjust/align elements; coircwinicate information; con firm/ verify 
procedures/schedules/operations; gather/replace tools/equipment; implement 
procedures/schedules; inspect/ooserve; position module; problem 
solving/decisionmaking; release/secure mechanical interface; transport 
loaded; and transport unloaded. 

4.2 TECHNOLOGY GAPS 

Technology gaps can arise from one factor or a combination of three 
factors: (1) need for increased performance capability, (2) schedule 
Incompatibilities, and (3) costs associated with (1) and (2). 

A gap in technology can exist either when the capability to perform a 
certain action is totally lacking or when the capability to perform a given 
action is questionable and associated with a risk factor which is 
unacceptable. 



Table 4-5 

MANNED STATION ELEMENT FUNCTIONS 


1 . Pressurized Laboratory 

A pressurized crew station module will provide power, low gravity, and 
long duration crew support for conducting laboratory work and operational 
support. Payload elements may be Integrated directly into the module. 

2. Attached Payloads 

Provision will be made to acccfimodate payload elements exterior to the 
pressurized module. Limited resources plus periodic crew tending anJ 
servicing will be provided. Resources could include command, control, and 
data Handling. 

3. Command, Control , and Communications Support 

Provisions will be made within the space station system to remotely 
command, control, monitor, throughput, and preprocess data for free-flyers 
and platforms. 

4. Deployment, Assembly, Construction 

The space station system will provide support capability for construction, 
assembly, and deployment. This support implies all required service 
devices such as manipulators and MMUs. 

5. Proximity Operations 

Payloads capable of maneuvering themsel ves within a reasonable distance of 
tne station will be maintained, serviced and checked out. Reasonable 
distance is defined as that limited by capability of EMU or a small 
proximity operations vehicle (PUV). 

6. Remote Maintenance, Servicing, Checkout, and Retrieval 

Payloads, remote from the space station, can be maintained/serviced and 
checked out via a remote'y operated service vehicle. Servicing could be 
provided on tne payload at its locations or the payload could be 
retrieved, serviced, and returned. The space station likewise provides 
for commanding, controlling, maintaining, and servicing the service 
■ vehicle. 

7. Payload Integration and Launch 

Payloads/satellites requiring transfer to other orbits can be brought to 
the space station by the Shuttle Grbiter, integrated with a transfer 
stage, and launched. The transfer stages could be commanded and 
controlled from the space station. These stages could be either 
expendable or reusable. Reusable transfer stages can be based at the 
space station, serviced, maintained, and refueled. Expendable stages 
could be stored and serviced. 

d. Payload Staging for Earth Return 

Payloads, experimental samples, or captured samples requiring return to 
earth can be donated , prepared and stored until placed in the Orbiter for 
return to earth. Tnis function also includes the preparation of payload 
equipment for return at the conclusion of its mission. 
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A gap in tecnnology can oe identified if the technology readiness level 
does not meet schedule constraints for implementation. 

A gap in technology can also arise when the costs associated with 
establishing tne capability to perform an action at a specific time in the 
future puts the specific action outside of the limits of economical 
viability. Often these cost factors can be the predominant drivers In 
determining the feasibility of a given technological approach. For example, 
the technology exists to produce flawless gem-quality diamonds of very large 
size. The cost of this production, however, is such that the synthetically 
produced end product would be priced above the present market for natural 
diamonds with equivalent characteristics. 

One of the more Important indicators of the level of technology risk is 
the time required to progress from one level of technical readiness to tne 
next until ultimately fully operational capability (FOC) is achieved. 

Typically the period of time to progress from level 2 to FOC ranges from eight 
to twelve years, depending on the complexity of the element being developed. 
The readiness levels leading to FOC are noted on Figure 4-1 for each of the 
enabling technologies currently Included in NASA Research and Technology 
Objectives and Plans and for which a full-scale development is the ultimate 
objective. As a general observation, those projects associated with EVA and 
teleoperations reach FOC fruition in a time domain consistent with the IOC of 
the space station. Hence, activities depending upon the successful completion 
of these projects can be accomplished with a reasonable and acceptable level 
of technical risk. For the IVA work station related projects .’-however, the 
risk assessment acceptability Is less clear. 

To Illustrate the complexity to be anticipated in the design of IVA work 
stations, consider the Advanced Solar Observatory. The Advanced Solar 
Observatory (A30) mission is one of the more complex of the missions described 
in the MRWG data set. The payload equipment Includes the solar soft x-ray 
telescope, the pinhole occulter, and the solar optical telescope. Assigned to 
be accommodated by the 28-1 /2-degree co-orbiting platform, the payload will be 
periodically maintained and refurbished by a station-based remote servicer. 

As an option, the payload could also be accommodated as a free flyer or as a 
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space station attached payload. Other options being evaluated include final 
assembly and checkout at the station prior to placement in operational orbit. 

The two station crewmembers assigned to the mission will need to be 
specially trained and will operate 8 hours each day. The crew will view three 
video displays at an IVA work station for real time operation of the mission. 
In order to enable and enhance the scientific objectives of the mission, the 
design of the crew work station which supports this mission needs to be 
efficient from an operator's point of view, user friendly from a man-machine 
intellectual interchange point of view, and “expert" from an information 
sharing and data recall and exchange point of view. 

The Advanced Solar Observatory illustrates a key point. As the 
sophistication of future payloads increases, there will be an accompanying 
shift in crew support skills/requirements. A transition occurs from the more 
physical tasks to the more intellectually oriented work activities with the 
progression of time. This pattern appears to be analogous to the industrial 
development dynamic wherein the blue collar worker changes to a white collar 
worker as the transition from production of goods to provision of services 
takes place. 

An MRWG mission even more complex than the ASO is the Solar Terrestrial 
Observatory (STO). As defined by the MRWG, this mission is planned for a 
first flight in the 1991-1992 time frame with a mission duration of 730 days. 
The STO mission calls for operations of SO days per year or about one week 
.each month. The general objectives of the mission are to study space plasma 
atmospheric interactions utilizing observations of natural and Induced 
atmospheric emissions^«mi to exploit the natural plasma laboratory of space. 
The specific objectives are to investigate the influence of an electron beam, 
an arc jet, and a neutral gas plume on the high-altitude atmosphere, including 
the production of artificial aurora. In addition, radio waves are transmitted 
from the payload in the HF and VLF bands and received in the HF band. 
Atmospheric effects in the visible and UV are to be observed with a video 
camera. Solar monitoring instruments are also planned to be included, as well 
as an x-ray telescope. 
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In order to appreciate the complexity of the STO mission, it is 
appropriate to describe the elements of the payload. The objectives are met 
by an electron beam of energy 1 to 20 kev with 1 to 25 kilowatts of power, a 
helium or argon magneto-plasma- dynamic arc-jet with 2 to 10 kilograms per 
pulse, 250 ev particle energies, a charge current probe from the OSS-T 
satellite, and possibly a neutral gas plume. This collection of science 
Instruments is called SEPAC, (Space Experiment with Particle Accelerators). 

The electron beam accelerator (EBA) will be designed for ultimate pov*;F Jevels 
of some hundred kilowatts, allowing for substantial growth in objectives. The 
power radiating radio frequency facility ts called WISP (Waves in Space 
Plasma) and consists of a VLF transmitter operating in the 1 to 30 kilohertz 
band, an KF transmitter, and a receiver operating from 0.1 to 30 megahertz. 

Tne dipole antenna subsystem radiates VLF and HF and receives the HF signals. 
Antenna elements extend 150 meters in each of two opposite directions with 
- tip-to-tip distance of 300 meters. The common operating research equipment 
assembly controls antenna retraction and extension. 

The complete payload package includes the SEPAC, WISP, and AEPI (video 
camera) instruments together with a Solar Monitor package and the x-ray 
telescope. Subsatellites and instrument probes are also required. The 
payload is visualized as being contained on one or more pallets which include 
the science Instruments, an antenna support structure, and a berthing adapter 
assembly for attachment to the Space. Station. Integration hardware for 
providing power, thermal control, signal transfer, and electrical distribution 
is assembled on the pallet(s). The integration hardware includes an active 
thermal loop. 

The baseline scenario calls for one week per month of intensive operation 
of SEPAC and WISP with the assumption that one (SEPAC or WISP) Is in a passive 
mode while the other is active. Coordinated (interleaved) pulses of SEPAC and 
WISP would be desirable. A growth option includes operation of SEPAC and WISP 
at the same time if resources permit. The video camera is included to observe 
the effects of SEPAC and WISP, primarily. It is required for all SEPAC 
operations and some WISP operations. The camera is normally pointed along the 
magnetic field toward any auroral spot formed by emission from the SEPAC 
and/or WISP units. The camera is to controlled by the Space Station crew. 
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An operator’s console within the pressurized elements of the Space Station 
is visualized as being used to monitor health and safety of the mission 
equipment, to provide quick-look data reduction, and to issue commands. 

Support equipment for SEPAC and WISP is to be mounted at the crew work station 
In addition to the control electronics for these Instruments and for the 
SUSIM, the x-ray telescope, and the AEPI. Displays are to provide output data 
Including the video results from AEPI. The operator's console will also be 
used to control instrumented sub-satellites. Crucial to the success of the 
mission will be the efficiency of the crew/mission equipment functional and 
operational interfaces as embodied in the selection and implementation of the 
design features of the work station. 

As the emphasis changes in the workplace, as illustrated by the ASO and 
the STO missions, the design of the crew work stations must also change to 
reflect the change from the physical to the intellectual. To more effectively 
utilize human intelligence, a better match is required with machine 
Intelligence and with “expert" systems. Activities Important in IVA for these 
advanced missions are Adjust/Align , Coiraiunicate Information , Confirm/Verify , 
Implement Procedures , Inspect/Observe and Problem Solving/Decision Making/Data 
Analysis. 

The successful implementation of the MRl.'G Advanced Solar Observatory and 
Solar Terrestrial Observatory missions will be highly dependent upon the 
development of work stations that (1) communicate fluently with humans 
(speaking, writing, drawing, etc.); (2) assist in interactive problem solving 
and inference functions (deductive reasoning); and (3) provide knowledge base 
functions (information storage, retrieval, and "expert" systems for support). 
In order to develop these work stations of the future, however, a better 
understanding is required of human intellectual capabilities and how they 
function in different operations (such as convergent production, divergent 
production, memory, cognition, or evaluation) and with different contents 
(such as pictorial or figural, symbolic, semantic, and behavioral elements) in 
order to obtain specific products (implications, transformations, etc.). Even 
when people don't sp^ak the same language they can communicate to some degree 
using gestures, facial expressions, etc., because they share common biological 
structure, needs, and common patterns of thought and behavior and knowledge of 
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the world. A need exists for a more "natural" language for man/machine i 

communication using Interfaces that are congenial and transparent for the 
average person. The use of voice Interactive controls and displays offers j 

considerable promise for enhancing man/machine communications. 

1 

i 

With regard to the issue of technology readiness and risk assessment, the 
schedule of project accomplishments shown in Figure 4-1 suggests that the EVA 
enabling technologies appear to be adequately planned in order to support the 
space station scheduled IOC in 1991. This view is further supported by the 
fact that the EVA equipment, for the most part, is of the "carry-on" as 
opposed to the "built-in" character. Carry-on equipment items are more easily 
accommodated than are mission and payload equipment items which must be 
incorporated in the basic station design. For this reason carry-on items can 
be integrated into the station build-up sequence later in the life cycle than 
can mission and payload equipment items. 

i 

In contrast with the EVA technologies, the IVA technologies are an • 

integral part of the basic design of the space station. At the outset, this 
would suggest that the IVA capabilities and work stations would need to be j 

frozen in design several years before the start of the build-up and launch 
sequence for the station modules and elements. On the other hand, these work i 

stations must be designed to be capable of meeting the needs of a continually 
changing set of mission requirements, some of which (for example, the ASO and j 

the STO missions) will place an extremely complex set of operational demands J 

on the control /display configurations of the work station. This scheduling 
consideration strongly suggests that a technological gap exists in the work 
station related projects and planning. It is further suggested that these IVA 
related technology developments need to be focused on designs which are 
adaptive and transparent to emerging design improvements, allowing for both 
hardware and software updates to be made to the basic work station even after 
the work station is operational. 

The human being represents a remarkably flexible and adaptable system. 

The human can learn to operate and function effectively in many nonoptimal 

work environments. It has been said that system designers often utilize the .1 

human component in a man-machine system as a glue to hold the rest of the 
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system together. The real Issue to consider In the development of work 
stations Is to increase the productivity of the human in order to enhance his 
value to the mission. In order to increase human productivity we must 
continue to develop our understanding of the cognitive processes involved in 
work station design and we must continue the development of aids and 
techniques that can be used to enhance human productivity. Some of the 
specific issues related to work station design that fall in the domain of 
“enhancing'' technology and can be considered as technology gaps at the present 
time are as follows: 

A. Nature of Human Intelligence . Continuing effort should be directed 
toward developing a better understanding of the nature of human intelligence 
in order to develop work stations permitting more effective use of human 
intellectual capabilities. 

By taking advantage of ongoing work in the behavioral sciences 
oriented toward developing paradigms of human intellectual processes and 
operations, the relationships of these processes to different contexts and to 
different products can be used to establish specific goals for technological 
developments to enhance the human role in space. Three areas of research and 
development should be emphasized: 

1. Development of systems that communicate fluently with humans 
through speaking, writing, drawing, etc. Interfaces must be congenial and 
transparent for the average person. 

2. Development of problem solving and inference functions utilizing 
automated classification techniques, multispectral image exploitation, and 
artificial intelligence applications for sensor data fusion. To date 
artificial intelligence has been of limited value in formulating optimal 
combinations of sensory data because specific combinations are based upon the 
needs and experiences of specific users. 

3. Development of knowledge base functions or so called “expert" 
systems utilizing the efficient storage and selective retrieval of 
information. Much of the current work in the behavioral sciences is oriented 
toward examining the differences between experts and novices in activities 
such as playing chess, solving problems in physics, or in computer 
programing. The general finding is that most differences seem to be 
qualitative rather than quantitative, i.e., differences in approach rather 
than in the amount of processing or searching done. While processing roles 
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can be speeded up for novices, by replicating expert strategies, results to 
date suggest that we are a long way from being able to painlessly and 
instantly make a novice an expert in any given field. 

B. Measurement of Human Productivity. Continuing effort Is required to 
develop valid measures of human performance and productivity. The assessment 
and/or evaluation of human-machine systems is impossible without techniques to 
accurately measure human performance in the operational environment. Such 
measurement techniques are necessary to provide objective data that can be 
used to improve operational procedures and system design concepts. A problem 
especially common to human factors evaluations is that the measurement 
techniques proposed often modify, bias, or otherwise change the behavior being 
observed. The most pe»tinent way of avoiding this form of “instrumentation 
error" is to develop and validate performance measurement techniques that do 
not interfere with the behavior being observed. Techniques such as remote 
movement-sensing devices, voice stress analyzers, and other indirect or 
secondary behavioral measurements offer promise of providing noninterfering 
performance measurement capability. Before such techniques can be 
meaningfully employed in the operational environment, however, they need to be 
validated to ensure that they indeed measure what they are purported to 
measure. This will require laboratory and field studies under controlled 
condi tions. 

Another research area of considerable current interest and one that 
bears directly on the human role in future space systems is the area of 
"cognitive ergonomics" or mental workload assessment. While man's 
physiological performance limits are fairly well defined, his mental workload 
limits are less completely understood. It is known that excessive mental 
workload negatively affects human operators in both their physical and 
psychological well-being. The effect of stress on cognitive performance tends 
to manifest itself in a narrowing of the span of attention, inadequate 
distribution and switching of attention, forgetting of proper sequences of 
actions, incorrect evaluations of situations, slowness in arriving at 
decisions, and failure to carry out decisions made. Questions regarding the 
amount of stress a human operator can accept before performance deteriorates 
or breaks down need to be resolved, and measurement and predictive devices 
need to be developed. Mental workload should be one of the major criteria 
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upon which decisions covering the acceptability and effectiveness of 
man-machine systems are made. 

Recent research on the use of (1) the P-300 evoked cortical (brain) 
response potential (ERP), and of (2) sinus arrhythmia as potential indicators 
of cognitive performance levels shows promising results. 

These and other similar issues relating to the measurement of human 
performance bear directly on the technology requirements and planning for 
hardware and system design, and on the operational and procedural 
recommendations for augmenting and optimizing the human role in space. 

C. Critical Incident Analysis of Human Performance . Continuing effort 
is required to investigate and understand the causes of the "human error" in 
space system operations as well as incidents of exceptional performance, in 
order to identify and classify the causal factors and to establish guidelines 
for the design of future space systems. 

It is recognized that the capability for direct human intervention 
can enhance the reliability of advanced systems. However, precise 
mathematical modeling of human performance in the context of establishing the 
reliability of complex electromechanical systems is an elusive goal. A more 
logical approach is to focus on case studies of either exceptional behavior, 
or conversely on human error in performance, and to diagnose the factors 
contributing to the exceptional behavior, or conversely the causes of the 
errors. By better understanding the causes of human error and/or the factors 
leading to exceptional performance through the analysis of previous incidents, 
we can recommend procedures that permit the human to enhance system operations 
by reducing the risk of system failure. 

D. Space Station Horkshop . Continuing effort is required to develop the 
technology needed to provide an organized, integrated, on-orbit maintenance 
depot-workshop for the space station. This requires developing the tools and 
devices for use in zero-g as well as the integrated workshop concept. The 
tools include lathes, milling machines, grinders, welding machines, and work 
benches. 

To date, on-orbit maintenance and repair has been limited and 
generally ad hoc. A permanent space station will require and provide the 
unique opportunity for extensive real-time orbital maintenance of the station 
itself, its ancillary systems, ar.d various satellites. To support such a 
range of requirements, an on-orbit, maintenance depot-workshop technology must 
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be developed. Standardization of hardware cannot be guaranteed: therefore-* 
the maintenance-servicing facility must be flexible in its capabilities, yet 
sufficiently organized to acconsnodate varied spacecraft functions. Special 
tools and techniques must be developed to complement the planned standard tool 
kit approach. Fabrication must be considered as a possibility. Large-vehicle 
restraint techniques, support lighting, and typical shop facilities (air, 
power fluids, etc.) must be considered. 

E. Visual Display Development. Continuing effort is required in the 
development of visual display terminals since It is anticipated that just as 
today, 80S- of the Information required by future space crews will be obtained 
through the sense of sight. Whether video displays or other visual media are 
used. Issues- to be addressed include such items as the consideration of the 
following: 

o Surface Screen Polarity and Color 

o Surface Screen Reflectlons/Fi Iters 

e Display Positions 

o Display Luminance 

e Display Figure-Ground Contrast 

o Character Design 
o Information Content Formatting 
e Flicker 

o Ambient Illumination 

o Types of Tasks 

o Time Constraints for Utilization of Specific Visual Displays 
4.3 TECHNOLOGY PLAN 

NASA has recently instituted a human factors research program to ensure 
the timely availability of man-machine Interface design technology for the 
space program. Past experience, as well as automation technology forecasts, 
point to a need for the human's unique capabilities in a maximally effective 
and efficient program to utilize and to exploit the potential of space. 
However, the high cost of each man-hour in space, the difficulty in handling 
injuries, and the adverse public sentiment that would result from mission 
failures require that humans In space be provided with maximally effective and 
safe tools, procedures, and work stations. 
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The goal of HASA's space human factors program Is to develop the 
technology for (1) determining which tasks should be done by humans and which 
by automation; (2) determining which human tasks should be done in the 
shirtsleeve environment of the spacecraft and which in the EVA environment 
wearing spacesuits; and (3) development methods for designing safe, effective 
tools, procedures, and crew stations for astronaut use. The program to 
accomplish this is called manned systems and is divided into the following 
elements: 

A. Basic Methodology 

B. Crew Station Design 

C. Ground Control /Operation 

D. Teleoperations 

E. Extravehicular Activity Support 


Basic methodology encompasses the development of human factors techniques, 
methods, data bases, and standards to design and evaluate human/system 
interfaces for use in space anthropometry, methods for formatting support 
documentation, and methods for allocating tasks--to humans and to automation. 

Crew station design focuses on developing methods and techniques for using 
advanced display and control technology (e.g. , flat panel displays, 
touch-sensitive panels, voice recognition/synthesis, etc.) more efficiently. 

Ground control operation encompasses the development of techniques for 
designing ground control stations requiring few human controllers and solving 
the human Implications of transferring operations (e.g., assembly, test, and 
launch) from the ground to a space station. 

Teleoperations focuses on the development of man-machine interface 
requirements of teleoperators (remote manipulatiun devices). This includes 
visual and tactile feedback to the human, as well as information input methods. 

Extravehicular activity support encompasses the development of Improved 
tools, procedures, and work stations for the suited astronauts and the design 
of equipment for ease of servicing by extravehicular activity. NASA's current 
EVA system uses a "soft" spacesuit that operates with a pure oxygen atmosphere 
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at 4.2 pounds per square inch (psia) absolute pressure and a Portable Life 
Support System (PLSS) that uses LiOH cartridges for carbon dioxide removal, 
bottled oxygen at 6,000 psia for gas makeup, and a water boiler that vents 
about 2 pounds of water per hour for heat rejection. 

A "hard" suit is now under development that can operate within an Internal 
pressure of 8 psia and is expected to afford improved mobility and 
reliability. This suit is expected to eliminate the need for prebreathing 
oxygen to purge nitrogen from the wearer's body fluids before EVA operations. 
The most difficult problems are expected in development of a more compact PLSS 
that incorporates a regenerate carbon dioxide removal subsystem and provides 
thermal control without venting water. 

As was described in Table 4-1, seven levels of technology readiness can be 
used to define the relative level of maturity of a given concept. The time 
scale required to achieve each level of technological readiness depends in 
large part upon the degree of complexity of the system to be developed. For 
relatively simple systems, the times required to move from level one to level 
seven may take from one to five years. This time range often reflects the 
impact of factors other than technical progress on the development process, 
such as political or budgeting constraints or the availability of corollary 
systems required to demonstrate or aid in the development of the Item in 
question. An example of the development path for a simple system is 
illustrated in Figure 4-3. The devices in this case are small electrical 
connector tools to be used in changing orbital replacement units (ORUs) on a 
space platform. During neutral buoyancy tests at MSFC in 1981 the need for 
such tools was identified. The steps from conceptual design (level 2) to 
testing an engineering model (level 6) took about one year. To proceed to the 
next level of testing an engineering model in space and then to obtain full 
operational capability (FQC), approximately 30 months will be required because 
of scheduling and STS manifest constraints. 

The time requirement to move from level one to level seven for a more 
complex system may take from 10 to 20 years. An example of the development 
path for a more complex system is Illustrated in Figure 4-4. The system 
illustrated is an Electrophoretic Production Unit currently under development 
at McDonnell Douglas. Although the potential of electrophoresis as a 
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Figure 4 3. Development Path for Electrical Connector Tool* 


separation technique has been known since the turn of the century, the 
specific application and value of a space-based system was initially conceived 
in the period between 1972 and 1974. By 1975 a conceptual design (level 2) 
had been developed and engineering models were developed and tested (level 6) 
in the 1979-81 time period. The first test of the engineering model in space 
occurred on STS-4 in June of 1982. Tests will continue through 1984. The 
development of a full-scale production facility in all probability will depend 
upon the availability of a manned space station with a current estimate of FOC 
in 1992. Similar examples of the time required for technological advancement 
can be drawn from the historic data of other complex space systems. The 
concept of building and launching a diffraction limited IR-VIS-UV orbiting 
telescope was advanced in the early 1960s. Over 20 years will have elapsed 
between the early conceptual design (level 2) and the achievement of full 
operational capability of the space telescope in 1986. 

This composite experience is summarized in Figure 4-5. This experience 
when related to the space station development schedule and to the technology 
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Figure 4-4. Development Path for Space Based Electrophoretic Production Units 
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Figure 4-5. Technology Advancement Classifications 
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gaps identified In Section 4.2 provides a frame of reference for creating a 
technology plan for advancing the human role in space. 

Using NASA's human factors research program as a guide. Issues dealing 
with Basic Methodology can be considered to reflect a technology readiness 
level of one. Issues dealing with Crew Station Design reflect a technology 
readiness level of two. Issues dealing with Ground Control /Operation reflect 
a technology readiness level of three. Current Teleoperations research and 
development programs also reflect a technology readiness level of three. 
Extravehicular Activity Support programs are currently quite far along and 
could be considered to be at level four or level five. 

In Figure 4-6, estimated time-phased technology readiness levels of the 
five areas which were Identified in- the THURIS study as representing 
developments needed for the enhancement of crew work station designs are 
plotted to show their relationship to the Space Station Reference Schedule and 
the current NASA Human Factors Research Program categories. 



1985 1990 1995 2000 


Calendar Year 

Figure 4*G. A Time-Phased Technology Plan for Critical Areas of Enhancing Technology 
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Figure 4-6 suggests the recommended timetable for Implementing systematic 
studies of these research areas including ground (levels 1 to 4) and flight 
(levels 5 to 7) experiments that should be pursued in order to accomplish the 
backbone supporting research and technology needed to support manned space 
operations In the coming decades. 
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Section 5 

GENERALIZATIONS ON HUMAN ROLES IN SPACE - TASK 4 

Tne objective of Task 4 was to integrate the analyses and results of the 
three preceding tasks into an easily accessible procedural format that can 
provide space project managers and systems engineers with a logical basis for 
deciding, early in the conceptual design process for advanced systems, which 
space activities can most efficiently be conducted by manned, supported, 
augmented, teleoperated, supervised, or independent operations. 

We have learned from the U.S. and Soviet* space programs to date that (1) 
systems can have indefinite operational lifetimes in space If they are 
designed to permit the contingency of in-flight repair and maintenance; (2) 
structures too large to be launched intact can be constructed and assembled on 
orbit using man's unique capabilities; and (3) the flexibility and creative 
insights provided by the crew in situ significantly enhance the probability of 
successfully achieving mission objectives. 

i 

The ability of the crew to manually assemble delicate instruments and 
components and to remove protective devices such as covers, lens caps, etc., 
means that less rugged instruments can be used as compared to those formerly 
required to survive the high launch-acceleration loads of unmanned launch 
vehicles. As a result, complex mechanisms secondary to the main purpose of 
the Instrument will no longer need to be installed to remove peripheral 
protective devices or to activate and calibrate instruments remotely. With 
the crew members available to load film, for example, complex film transport 
systems are not needed, and malfunctions such as film jams can be easily 
corrected manually. The time required to calibrate and align instruments 


*The Soyiets have been reported to rely heavily on manned involvement in order 
to repair equipment and subsystems with serious shortcomings in reliable and 
trouble-free service life. 
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directly can be as little as 1 /40th of that required to do the same job by 
telemetry from a remote location. In general, physical articulation and 
movement constraints In teleoperated systems result In performance times that 
are up to ten times longer then if the same tasks could be performed directly 
by human operators (Reference 20). 

With the availability of extended-duration manned missions, specific 
experiments and operations no longer will need to be rigidly planned in 
advance, but can change as requirements dictate. One of the greatest 
contributions of crews in scientific space missions can be In reducing the 
quantity of data to be transmitted to Earth. One second of data gathered on 
SEA SAT, for example, required one hour of ground-based computer time for 
processing before it could be used or examined, or a value assessment made. 
Scientist-astronauts in situ could determine in real-time whether cloud cover 
or other factors are within acceptable ranges before recording and 
transmitting data. 

The astronaut can abstract data from various sources and can combine 
multiple sensory inputs (e.g., visual, auditory, tactile) to interpret, 
understand, and take appropriate action, when required (see Figure 5-1). In 
some cases the human perceptual abilities permit signals below noise levels to 
be detected. Han can react selectively to a large number of possible 
variables and can respond to dynamically changing situations. He can operate 
in the absence of complete information. He can perform a broad spectrum of 
manual movement patterns, from gross positioning actions to highly refined 
adjustments. In this sense, he is a variable-gain servo system. 

Thus, with the advent of manned platforms in space, there are alternatives 
to the expensive deployment of remotely manned systems, with their operational 
complexity and high cost of system failure. Long-term repetitive functions, 
routine computations or operations, and large-scale data-processing functions 
can be expected to be performed by computers capable of being checked and 
serviced by crews in orbit, just as they are now serviced in ground 
installations. In addition, the normal functions of the terrestrial shop, 
laboratory, and production staff will find corollary activities in the work 
done by the crews manning the space platforms of the coming generation. 
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Men 

Surpass Present Day Machines in the Ability to 


o Sense or Detect Minimum Amounts of Visual and Acoustic Energy 
e Recognize and Interpret Patterns of Light and Sound 
o Improvise and Use Flexible Procedures 

o Store Large Amounts of Information Over Long Periods and Recall 
Relevant Facts at Appropriate Times 

q Reason Inductively 

« Exercise Judgment 


Machines 

Surpass Man in the Ability to 



e Respond Rapidly to Control Signals 
o Apply Great Force Smoothly and Precisely 
o Perform Routine Receptive Tasks Reliably 
o Store Information Briefly and Erase Completely 
o Process Information Deductively, Including Ability for Computation 
o Handle Highly Complex Operations - Many Tasks at Once 


Figure 5-1. Machines Are Extensions of Man’s Capabilities 


When assessing the relative value of the various categories of man-machine 
interaction in accomplishing the objectives of future space missions, many 
different criteria can be suggested as candidates for inclusion in the 
decision process. 

The criteria of performance, cost, and mission success probability 
(program confidence) are the principal factors that program or project 
managers and system engineers use in selecting the most cost-effective 
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approach to meeting mission objectives. The decision maker must base his 
judgment on knowledge that a particular implementation option can or cannot 
meet the performance requirements in terms of such factors as force, sensory 
discrimination, speed, and accuracy. If it can meet the performance 
requirements, can it do so within the system environmental constraints of 
temperature, pressure, radiation, atmospheric constituents, mass limitations, 
acceleration disturbance limits, etc.? In many cases, more than one 
implementation option can meet the performance requirements, and it is then 
necessary to examine the relative costs and success probability associated 
with each approach. While the final selection in the tradeoff between an 
acceptable probability of success and the resultant cost must rest with the 
decision maker, the intent of this study was to provide a frame of reference 
in which the interrelationships of these pertinent parameters can be made 
visible, and from which rational or informed decisions can be derived. 

With regard to performance , 37 generic classes of activities were defined 
(see Section 3) that, when combined in the required operational sequences, 
could be used to describe a broad spectrum of potential space programs. For 
each of these activities and for each category of man-machine interaction 
{manual, supported, augmented, teleoperated, supervised, and independent 
operations), the limiting factors in terms of sensing, information processing 
and motor actions have been defined and the requirements for human involvement 
were described. As a general statement, response time was found to be the 
most generally applicable discriminator between the manually controlled modes 
and the supervised and independent modes of operation. If responses in time 
periods of seconds or less are required, then the activity is generally best 
performed in the supervised or independent modes. In the “Activate/Initiate 
System Operation" or "Information Processing" activity classifications, for 
example, applications where speed of response would dictate that the 
activities be performed in the supervised or independent modes might include 
launch abort procedures and orbital trajectory corrections. If allowable 
response times become minutes or hours, then all modes might be applicable and 
the criteria of cost effectiveness or success probability would provide the 
more appropriate bases for selection of a particular mode of implementation. 

With regard to cost , costing models were derived (see Section 3.4) that 
provided comparative data on the relative costs for each man-machine mode in 
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performing each activity, from one to many hundreds of times. These 
comparative costing data were further refined to take into account the 
commonality that can exist among the equipment items or resources needed to 
support multiple activities (see Section 3.5). 

In developing an estimate of success probability, the study team initially 
considered two issues. One was the Issue of human reliability and how the 
human can best be used to increase mission success probability; the second was 
the impact of the state of technological readiness on mission success. 

In reference to the Issue of human reliability, considerable work has been 
done in the last twenty years in attempting to develop quantitative Indices of 
human reliability. Swain, (1977)^ and Swain and Guttman, (1980)^ have 
developed techniques for calculating the reliability of complex man-machine 
systems such as nuclear power reactors by mathematically integrating human and 
machine error information. Hatrrner, 1972^, provided human reliability 
ratings for over 50 specific manual tasks such as installing gaskets. 
Installing lockwires, removing Marmon clamps, loosening nuts, etc. Recently, 
the U.S. Navy'.s Sea System Command has prepared a “Human Reliability 
Prediction System Users Manual"^ for use In estimating the impact of human 
reliability in electronic maintenance and servicing tasks directed toward 
improving mission equipment availability. 

Although precise analytic techniques exist when predicting the reliability 
of complex mechanical or electrical systems with components of known 


(1) Swain, A. D. (1977). Error and Reliability in Human Engineering. In 
B. Wolman (Ed.) "International Encyclopedia of Psychiatry, Psychology, 
Psychoanalysis, and Neurology (Vol. 4, pp. 371-373). New York: Von Nostrand 
Reinhold. 

(2) Swain , A. D., and Guttman, H. E. (1980). Handbook of Human Reliability 
Analysis with Emphasis on Nuclear Power Plant Application (NUREG/CR-1278) . 
Washington, D.C., U.S. Government Printing Office. 

(3) Hammer, Willie, Handbook of System and Product Safety, Prentice-Hall, 
Inc., Englewood Cliffs, N.J., 1972. 

(4) U.S. Department of the Navy, Human Reliability Prediction System User's' 
Manual, Sea Systems Correnand, Washington, D.C., December 1977. 



5-5 



reliabilities, and some success as noted in the references has been achieved 
in predicting human reMability factors in certain well structured tasks, 
considerable caution must be exercised in attempting to treat the analysis and 
integration of human and machine error in a manner analogous to the techniques 
used in dealing with physical systems. The basic problem is that human errors 
are fundamentally different from machine errors. When a physical component 
fails, the system is usually designed so that the failure is isolated and 
doesn't affect other components. When humans make a mistake, 
resulting frustrations may increase the likelihood of subsequent errors. 
Machine failures generally require human intervention to repair or replace the 
failed component. On the other hand, humans can monitor their own performance 
and can often correct tneir own errors before they affect system performance. 
In physical systems, redundant components are assumed or designed to be 
independent and by being placed in parallel networks, can increase system 
reliability. Redundancy in crew size or presence, however, does not 
necessarily increase reliability and in fact the social interactions among 
crew members can lead to common conclusions that may in fact be wrong. On the 
TJther hand, the human's perception of the likelihood of the failure of 
specific components can lead to a greater sensitivity and awareness for 
impending failure and the potential for anticipating corrective actions. 

White mathematical modeling of human performance may be possible in well 
structured tasks, the precise mathematical modeling of human performance for 
systems in the very early conceptual design phase is an elusive goal. 

On the basis of past experience (see Figure 5-2), the basic rule when 
designing new systems should be to consider the human element not in terms of 
being a component in series with other system elements and having a specific 
numeric value of reliability, but rather as an element functioning in parallel 
with the machine components. The human element can enhance system operations 
by reducing the risk of system failure through the utilization of human 
performance capabilities to provide parallel or redundant resources in the 
form of maintenance/servicing, repair/replacement, end reprogramming of the 
machine elements. 

Based upon today's state of knowledge of human capabilities and 
limitations it was concluded that human reliability remains a difficult 
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Machine Characteristics | 

» Component failures generally Independent 

■ Requires repair or replacement by external agent 

• Parallel (or redundant) components assumed to 
be independent 

■ Mathematical models can describe machine reliability 


t Human Characteristics' \ 

■ Tend to compound errors 

■ Capability for self-correction of errors 

» Social interactions lead to common and perhaps 
erroneous perceptions 

■ Variable gam settings in error sensitivity 
f "conclusions' | 

■ Difficult to establish meaningful reliability goals by 
mathematically combining human error data w.th 
machine reliability data 

■ Enhance probability of success by placing human 
elements and machine elements in parallel 

■ Machines monitor humans and humans manage machines 


Most Desirable \ 


i— | P/m f— | 

Inputs— I ; j [ Outputs 

^ Machine f — * 

Less [Desirable | Inputs — j Ma^ ^ ^Machme | S»» Outputs 


Figure 5-2 Reduction of Risk — The Issue of System Reliability 


concept to quantify, especially when dealing with the very early preliminary 
design phase of -advanced systems. Accordingly it was believed that further 
exploration of human reliability as a numeric indication of the success 
probability of various modes of man-machine interaction would not be warranted 
and in fact would be beyond the scope of the present study. Obviously the 
system designer will find it beneficial to enhance mission success probability 
whenever possible by providing redundancy in all critical systems and by 
including the capability for on-orbit servicing and repair. If this approach 
to advanced system design Is followed as a basic design philosophy, it was 
reasoned that a more iranediately useful metric for assessing the success 
probability of alternative man-machine modes could be based upon the state of 
technological readiness of the alternative implementation concepts. This then 
was the approach that the studiy team followed. 

As described in Section 4 of this report, seven levels of technology 
readiness can be established as follows: 

Level 1 Basic Principles Observed and Reported 
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Level Z Conceptual Design Formulated 

Level 3 Conceptual Design Tested Analytically or Experimentally 
Level 4 Critical Function/Characteristic Demonstration 
Level 5 Component/Breadboard Tested in Relevant Environment 
Level 6 Prototype/Engineering Model Tested in Relevant Environment 
Level 7 Engineering Model Tested in Space 

Level 8 Full Operational Capability and (FQC) Baselined Into Production 
Design 


Technology designated as off-the-shelf or otherwise reflecting current 
operational capabilities would be considered as FQC. 

Figure 5-3 summarizes the expected relationships between technological 
readiness levels and time. Simple Systems may be defined as requiring 
o Implementation of a singular action, 
o Operations generally independent of other functions, 
c Unique applications although basic principles well understood. 


( 


Supervised —’Ground and CrETJ 


FOC 


8 

3 



Level 1 
Level 2 
Level 3 
Level 4 
Level 5 
Level 6 
Level 7 
Level 8 


Technological Readiness Levels 

Basic principles observed and reported 

Conceptual design formulated 

Conceptual des«qn tested analytically or experimentally 

Critical function/characteristic demonstrat'on 

Component/breadboard tested m relevant environment 

Prototype/engineering model tested m relevant environment 

Engineering model tested in space 

Full Operational Capability (FOC) 


5 10 15 

Years to Full Operational Capability (FOC) 


20 


Figure 5*3 Time Required to Reach Various Technology Readiness Levels 
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An example might be a ratchet wrench which Is required to remove and install 
mechanical fasteners. Most manual and supported modes of man-machine 
interaction would fall into this category. 

Moderately Complex Systems may be defined as requiring 

• Multiple interacting functions or actions. 

t Complex control logic or networks. 

• Basic implementation techniques similar to previously developed 
systems. 

An example might be a computer work station which provides data computation, 
correlation, and plotting capabilities. Most augmented, teleoperated, and 
some supervised modes of man-machine interaction would fall into this category. 

Complex Systems may be defined as requiring 

• Multiple interacting functions or actions. 

o Complex control l«gic or networks. 

• Reduction to practice of design concepts. (Comparable system has not 
been developed.) 

An example might be a remotely controlled satellite servicing system capable 
of self-actuating or self-healing operations in response to external stimuli. 
Most remotely supervised and independent man-machine interactions would fall 
into this category. 

Based upon the criteria of performance , cost , and technological readiness 
as developed in Tasks 1, 2, 3, and 4 of the study, the study team has 
attempted to formulate a decision guide that can be used to logically allocate 
space activities to alternative man-machine Implementation modes. In 
developing this decision guide, we recognized that such decisions are highly 
dependent upon the time period in which a given system will be implemented. 
That is to say, the capabilities to support man in space will continue to 
evolve as will the other technologies including the applications of artificial 
intelligence and the advanced development of micro- and macro-manipulators. 
Furthermore, the index numbers (performance times, cost data, technological 
readiness, etc.) used in the decision process at this point in time can be 
expected to change as better information becomes available from future studies 
and from operational experience. Accordingly, the decision model suggested 
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below should be considered as still in the evolving stage and should be viewed 
in that context. Even so, it is believed that the procedure as outlined will 
prove to be useful in the early conceptual design process to help decision 
makers formulate a strategy for selecting an initial reference design 
configuration. As the design concept crystallizes, it would be anticipated 
that the design solutions would be iterated to take advantage of the better 
data on performance, cost, and success probability that become available as 
the design matures. In some cases, it may also be expected that the preferred 
mode of Implementation will change In later stages of the preliminary design 
process as better design data are developed. 

With these caveats In mind, and recognizing that the guide might take many 
forms, a simplified schematic of the decision process is presented in Figure 
5-4. In order to accomplish the steps In this decision process, a worksheet 
format has been prepared as illustrated in Figure 5-5. An example of how this 
worksheet might be utilized is illustrated in Figure 5-6. 



Figure 5-4. Decision Process for Identifying the Man-Machino Mode to Use in the Initial Conceptual 
Design Effort for An Advanced Space System 
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Activate/lnitiate System Operation 
Adjust/Align Elements 
Allocate/Assign/Distribute 
Apply/Remove Biomedical Sensor 
Communicate Informatio n 
Compensatory Tracking 
Compute Data 

Confirm/Verify Procedure/Schedule/ 
Operations 

Connect/Disconnect Electrical 
Interface 

Conncct/Disconnect Fluid Interface 


Correlate Data 
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Operation 
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Display Data 
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Information Processing 
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Figure 5-5. Worksheet for Defining the Human Role in Space 
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Figure 5 G Example of Worksheet Procedure 




In using this worksheet, seven modes of man-machine interaction have been 
selected to represent the steps along the continuum from direct manual 
operation at one extreme to completely independent self-healing, 
self-actuating systems at the other. Tnese modes are designated as manual, 
supported, augmented, teleoperated, supervised-ground, supervised-orbit, and 
independent and were defined in Section 1 of this report (see Figure 1-1). 

Examples of the nomographs that are to be used with the worksheet are 
illustrated in Figures 5-7 to 5-10. The cost numbers in these nomographs - are 
based upon production and operations costs only (as described in Section 3.4) 
and do not include design and development costs. It was assumed that NASA 
will most likely not include nonrecurring costs when developing user charge 
policies for advanced space systems. 

The cost charges for the activities to be conducted in the direct manual 
modes (manual, supported, augmented, and teleoperated) were based primarily on 
a cost per unit time factor. On this basis, the delta costs for EVA over IVA 
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Figure 5*7. Relesse/Secure Mechanical Interface 
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Figure 5 8 Time Required to Advance Level of Technological Readiness 
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Proportion of Equipment Inventory 
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were negligible when compared to the overall cost of manned space operations. 
Thus, It was not found necessary for the Initial approach to selecting the 
baseline operational modes to determine whether the activity would be done by 
IVA or EVA. The issue of IVA or EVA can be resolved later in the design 
process based on more detailed performance and operational requirements, and 
not by cost per se. 

To determine the man-machine category to consider in the initial 
conceptual design of a space system, six key questions need to be addressed. 
The suggested procedure for answering these questions is illustrated below. 


Which of the 37 unique acivities are involved in meeting the 
mission objectives? 



1. Place a check mark in column A of the worksheet (Figure 5-6) by each of 
the 37 activities that are required for accomplishing the mission 
objective. 

2. For each activity checked in column A, estimate the number of times that 
activity will be performed during the mission and enter the numeric 
estimate in column B. 

3. Add the number of checks in column A and enter total in Box M. 


Which modes of man-machine interaction can meet the performance 
requirements of each activity? 

1. Consult the timeline charts found in Appendix D that are associated with 
each activity checked in column A (see sample Figure 5-7). Place a check 
in each of the man-machine categories, columns C through I, that could be 
used to satisfy the mission requirements, basing your judgment on: 

o Time requirements for performing activity. If the response time 
required is seconds or less, the indirect modes (supervised or 
independent) would be preferred. 
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o Limiting factors that may restrict human involvement. If limiting 
factors on human involvement are noted on the timeline charts it may 
be helpful to consult the Human Capability Data Descriptions in 
Appendix A. 


Which man-machine mode represents the most cost-effective 
approach to the performance of each activity? 



1. For each activity, checked in column A of the worksheet, circle the check 
mark in column C through I that represents the most cost-effective 
man-machine implementation mode, as determined from each set of cost vs 
number-of-times-activities-is-performed curves (see sample Figure 5-9). 



What is the state of technological readiness for the most 
cost-effective man-machine modes identified in Step 3? 


1. For the man-machine mode circled in columns C through I, estimate the 
technological readiness level (see Figure 5-8) and enter this value in 
column J of the worksheet. 


2. Find the median level of all of the technological readiness values entered 
in column J and enter this median value in box U. This median value 
defines the overall technological readiness of the aggregate of the 
proposed implementation concepts for the mission being analyzed. 



What is the relative degree of applicability (rank) of each 
man-machine mode in accomplishing the mission objective? 


1. Enter the total number of circled check marks in columns C through I in 
boxes N through T respectively. These totals indicate the relative degree 
of applicability of the alternative man-machine modes. 


STEP 6 


Which mode should be considered as the baseline for initiating 
the conceptual design of the system? 


1. Starting with the most frequently occurring mode (boxes N through T on 
worksheet) proceed through the iterative process indicated in Figure 5-4. 
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2. The present technological readiness level of each man-machine mode should 
be estimated using the criteria listed on Figure 5-8. 

3. For the man-machine implementation mode circled in columns C through I for 
each activity, determine from Figure 5-8 the number of years required to 
advance from the present technological readiness level to a technological 
readiness level of 7 and enter in column L of the worksheet. 

4. Enter the maximum value in column L in box W. This value represents the 
estimated development time required to achieve the highest level of 
technological readiness (minimum risk) for the most cost-effective 

impl ementation. 

5. Continue the iterative process until an acceptable baseline mode is 
established. If no single mode is found to be acceptable, it may be 
necessary to select a combination of modes that represents the minimum 
number of modes required to achieve the mission objectives within the time 
constraints imposed. 

Other factors to be considered in formulating the Initial conceptual 
design of an advanced space system are the issues of reliability and cost 
penalties associated with using alternative approaches to increase the 
technological readiness level and to thereby increase the success probability. 

With regard to enhancing operational reliability, it is recommended that 
wnerever possible a manual mode be identified for each activity as backup to 
the prime mode selected. It is suggested that this backup mode be the least 
complex level of man-machine interaction {categories C through I) that can 
meet the performance and technological readiness requirements. 

If multiple man-machine modes are determined to be required to accomplish 
the mission objectives, an overall estimate of the technological readiness of 
the system can be made by finding the median of the readiness values entered 
in column J of the worksheet and recording this median value in box U. 
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To assess the cost Impact of Increasing the technological readiness level 
(Success Probability) identified in box U, the following procedure could be 
utilized. 

1. Enter Figure 5-8 with the desired time to IOC. Determine the 
man-machine modes that can achieve the highest technological readiness levels 
within the time to IOC. 

2. For the activity with the lowest technological readiness rating in . 
column J, examine columns C through I to determine if any of the modes with a 
higher rating as identified in Figure 5-8 can meet the activity requirements. 

3. For those man-machine modes that have higher technology readiness 
levels, for the activities being considered, use Figure 5-9 to determine the 
cumulative costs to perform each activity for the number of times identified 
in column B. 

4. Using the cumulative dollar value for the man-machine mode having the 
lowest cost value as •*'he denominator, compute the relative cost ratios for the 
applicable modes. 

5. Determine the commonality correction factor for the specific activity 
from Figure 5-10 based upon the total number of activities required in the 
operational sequence (box M on worksheet). (Refer to Table 3.5-1 for the 
derivation of this correction factor.) 

6. Multiply the cost ratios determined in Step 4 above by the correction 

factor determined in Step 5. This value gives an approximation of the cost 
Increase ratio required to achieve a higher level of technological readiness 
for accomplishing the specific activity being considered. Enter this' value in 
Column K. . 

7. Repeat Steps 2 and 6 for each activity where the technological 
readiness factor is less than 7. 

8. For all activities where the technological readiness is 7, enter the 
value 1 in column K. 

9. Find the average of the values in column K and enter in box V. The 
value in box V is an estimate of the relative increase 1r program cost 
required to accomplish the mission objective with the minimal risk (highest 
level of technological readiness). 

The procedural methodology outlined above has attempted to provide a 
technique for logically determining early in the conceptual design process for 
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a new space system which of the various modes of man-machine interaction can 
be used to most effectively perform the activities required. 

Our analyses to date have confirmed once again the conventional wisdom 
that the human role in future space systems will draw heavily upon the 
intellectual capabilities and the sensory/perceptual capabilities of the human 
observer. Of all of man's sense modalities, vision is the most important for 
future space applications. Han's capabilities for recognizing information in 
various forms and comprehending or understanding (cognition), his capabilities 
for creative imagination (divergent production), his ability to rigorously 
structure problems and develop solutions (convergent production), and his 
ability to make decisions (evaluation) will continue to be essential 
ingredients in future systems. Many examples from experiences on previous 
space missions illustrate these capabilities. 

Performance, Cost, and Success Probability (technological readiness) 
remain the principal criteria in determining where along the continuum, from 
direct manual intervention to independent operations, the mission requirements 
of future space programs can best be met. By defining a generic set of 
activities from which systems meeting future mission requirements can be 
synthesized, and by assigning performance, cost, and technological readiness 
metrics to each of these generic activities, a mechanism becomes available for 
developing a logical rationale for optimizing -the man-machine Interface. 

By use of the methodology developed in this study, it will become possible 
to establish early in the design process the most cost effective design 
approach for future space programs, through the optimal application of unique 
human skills and capabilities. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Sensory/Perceptual Capabilities 
HUMAN CAPABILITY - Visual Acuity 


Definition : Visual acuity is the ability of the eye to see fine details: the 

resolving power of the retina with respect to details of the image. 

Various aspects (types) of visual acuity have been described; these include: 

o Minimum perceptible acuity - The ability to see small objects 
against a plain background. 

e Minimum separable acuity - the ability to see objects as separate 
when they are close together 

o Minimum distinguishable acuity - the ability to distinguish 
Irregularities and discontinuities in the contours of an object. 

Charucteri sties : Visual acuity is commonly expressed in terms of the minutes 
of visual angle subtended by the detail being discriminated. 

o The average normal eye can distinguish features that subtend 1.0 
minutes of arc, which is equivalent to 20/20 vision on the Snellen 
chart 

o The threshold for minimum perceptual acuity is 0.008 minutes of 
arc; for minimum separable acuity, 0.4 minutes of arc; and for 
minimum distinguishable acuity, 0.8 minutes of arc. 

Limiting Factors : The effectiveness of visual acuity is affected by the 
following limiting factors. 

s Intensity of illumination 

o Amount of contrast between the target and the background 
o Duration of the presentation 

o Speed of motion of target 

© Location in the visual field 
o Wavelength of the illumination 

Comments : The characteristics and limitations of visual acuity will be more 
important than any other aspect of visual capabilities in determining man's 
role in space operations. Acuity plays a significant role in such activities 
as target detection and selection, accurate alignment, and pattern recognition. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Sensory /Perceptual Capabilities 
HUMAN CAPABILITY - Brightness Detection and Discrimination 


Definition: Brightness detection is the ability of the eye to Identify light 

at very low Intensities; brightness discrimination is the ability to detect a 
change in the brightness of a light source or the difference in brightness of 
two or more light sources. 

Characteri sties : Brightness is commonly measured in terms of millilamberts 

(mL) which i s a measure of luminance. 

o The rods or cones in the light-adapted eye can detect luminances as 
low as 0.004 mL 

s Rods in the dark adapted eye can detect luminances as low as 
0.00001 mL 

o Discrimination can be expressed in terms of the just noticeable 
difference (jnd) by the formula: jnd (in %) WB/BX100, where W3 
= the change in brightness, and B = the initial brightness. 
Generally, a difference of approximately ] 0 % is required to 
identify a brightness change. 

Limiting Factors : The following factors can affect the threshold of 

b ri ghtnes s detecti o n and discrimination. Although detection and 
discrimination are both affected by most of the factors, they are not 
necessarily affected equally by all factors. Limiting factors are listed 
below in association with the capability that they more strongly affect. 

o Detection 

- Wavelength of stimulus 

- Previous light exposure of observer 

- Duration of prior exposure 

s Discrimination 

- Shape and size of stimulus 

- Region of retina stimulated 

- Level of illumination on test 

Comments: Brightness detection and discrimination are involved in 

astronomical observation and in some aspects of pattern recognition. The dark- 
adapted eye is very sensitive in comparison with mechanical light detectors. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Sensory/Perceptual Capabilities 
HUMAN CAPABILITY - Color Discrimination 


Definition ; Color discrimination includes three different perceptions which 
may" be defined separately. 

e Hue discrimination - The ability to detect the smallest difference 
in wave length of two test fields. 

o Brightness discrimination - The ability to detect a change in the 
brightness of a light source or the difference In brightness of two 
or more light sources (previously defined). 

s Saturation discrimination - The ability to detect small differences 
in the percentage of white light in two fields of Identical hues. 

Characteri sties : The characteristics of brightness discrimination are 
described under "Brightness Detection and Discrimination". Saturation 
discrimination is usually considered too difficult to measure for the 
determination of accurate thresholds. 


Hue discrimination will vary with the wavelength. The smallest difference 
wavelength that can be detected as a difference in hue when two fields are 


in 


presented are: 


Color 

Smallest Difference in 

Blue 

2.5 millimicrons 

Green 

1.0 millimicrons 

Yellow 

3.3 millimicrons 

Orange 

1.5 mill iiiii crons 

Red 

20.0 millimicrons 


Liniting Factors ; The following factors can affect the thresholds of color 
di scrimi nation. Although most factors will have an effect on each of the 
perceptions (hue, brightness, and saturation) the ones presented are 
particularly related to hue discrimination. 

o Color of 1 ight source 

o Color of light reflected from -nearby surfaces 
o Level of illumination 
• Surface reflectivity characteristics 

Comments : The capability of color discrimination is involved in nany 

operational and maintenance tasks, since switches, wires, and ducts tend to be 
color coded. Ordinarily, however, the situations will present no challenge *0 
capability limits. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Sensory/Perceptual Capabilities 
HUMAN CAPABILITY - Depth Perception and Discrimination 


D efinition : Depth perception and discrimination may be defined in one of the 
To I lowing ways. 

9 The estimate of the distance of an object from the observer 

o The estimate of the relative distance of two or more objects from 

the observer 

9 The difference in parallax corresponding to the minimum distance 
two objects can be displaced along the line of sight and still be 
recognized as being at different distances. 

Characteristics : Judgment of absolute distance is very inaccurate, judgment 
or relative distance is, however, very accurate. Angular differences as small 
as 2 seconds of parallax can be detected. The value of unaided binocular 
vision in depth perception is greatest for distances less than 20 feet. 

Beyond this distance monocular cues of textural gradient, perspective, light 
and shadow, interposition of objects, atmospheric attenuation, etc. are of 
primary importance in judging depth or distance. With optical aids such as 
binocular range finders, stereopsis can be used to judge relative distances at 
much greater ranges. 

Limiting Factors : The following factors can affect the accuracy of depth per- 
ception and discrimination. 

o Distance of objects from eye 
e Absence of objects of known size for comparison 
o Atmospherir conditigns 

o Illuminati on intensity 

o Stimulus size 

o Monocular versus binocular cues 

Comments : The capability of depth perception has played, and continues to 
play, an important role in crew involvement in space operations. No diffi- 
culties have been experienced by crewmen in the use of depth perception. It 
may be concluded that typical space operations do not normally challenge the 
limits of this capability. Important examples of tasks performed by crewmen 
in space which rely heavily on depth perception include: Apollo docking with 
lunar lander and Apollo docking with Skylab, operation of the Shuttle remote 
manipulator system, and the use of the manned maneuvering unit in translating 
to a remote target, e.g., solar max satellite. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Sensory/Perceptual Capabilities 

HUMAN CAPABILITY - Peripheral Visual Detection and Discrimination 


Definition : Peripheral visual detection and discrimination nay be defined as 

the ability to perform specified visual tasks with the visual stimulus located 
in various parts of the visual field other than in the central area, i.e., 
with the image in various locations on the retina. 

Ch aracteri sties : A large number of parameters must be considered in 

Taenti fyinq the capabilities and limitations of peripheral visual detection 
and di scrimnation. The following table identifies many of the involved 
factors and illustrates limits that have resulted from tasks in the military. 

Limiting Factors : The following factors can alter the values of both the 

horizontal and vertical angular limits of peripheral visual detection and 
discrimination identified in the previous table. 

o Brightness of visual object 
9 Contrast of the object with its background 
o Color of the object and color contrast 
o Duration of exposure 


Coments: Peripheral visual. detection and discrimination are basic in normal 
visual operations and are, additionally, directly involved in a large number 
of space tasks such as target location, rendezvous and docking, and tracking. 
Man's capabilities in this category are limited, however, particularly in 
situations involving the dark-adapted eye. The involvement of man in a space 
activity based on his peripheral vision capabilities would seldom be at a 
level below independent or supervised. 


O 

MCOOVA/rtL l)OUCL4fl «v-. 


AG 



HORIZONTAL LIMITS 

VERTICAL LIMITS 



Temporal 

Naval 





Ambinocular 

Binocular 

Field 

Field 


TYPE OF FIELD AND 

Field 

Field 

Angle 

Angle 

MOVEMENT PERMITTED 

FACTORS LIMITING FIELD 

(each side) 

(each side) 

Up 

Down 

a Moderate movements of head 

Range of fixation 

60? 

45? 

and eyes, assumed as 






Eyes 18° right or left 

Eye deviation (assumed) 

15° 

15° 

15° 

15° 

15° up or down 

Peripheral field from point of 

95° 

(45°) 

46° 

67° 


fixation 





Head 45° right or left 

Not peripheral field from central 

110° 

60° ’ 

61° 

82° 


fixation 





30° up or down 

Head rotation (assumed) 

45° 

45° 

30° " 

30° * 


Total peripheral field (from central 






line) 





b Head fixed 






Eyes fixed (central position 

Field of peripheral vision (central 

95° 

60° 

46° 

67° 

with respect to head) 

fixation) 





c Head fixed 

Limits of eye deviation 

74° 

55° -- 

48° 

66° 


(= range of fixation) 





Eyes maximum deviation 

Peripheral field (from point of 

91° 

Approx (5° 

18° 

16° 


fixation) 






Total peripheral field (from central 

165° 

60° * 

66° 

82° 


head line) 





d Head maximum movement 

Limns of head motion 

72° 

7 2° 

80° * 

90° * 


(= range of fixation) 





Eyes fixed (central with 

Peripheral field (from point of 

95° 

60° 

46° 

67° 

respect to head) 

fixation) 






Total peripheral field (from central 

167° 

132° 

126° 

157°* 


body line) 





e Maximum movements of 

Limits of head motion 

72° 

72° 

80° 

- 90° 

head and eyes 

Maximum eye deviation 

74° 

55° 

48° 

66° 


Ranqeof fixation (from central 

146° 

127° 

128° 

156° 


body line) 






Peripheral field (from point of 

91° 

Approx (5°) 

18° 

16° 


fixation) 






Total peripheral field (from central 

237° 

132° 

146° 

172°* 


body line) 






* Adapted from Wulfeck, J W , et al. Vision in Military Aviation, WADC Technical Report 58-399, 1958 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Sensory/Perceptual Capabilities 
HUMAN CAPABILITY - Visual Accomodation 


Definition : Visual accommodation is the ability to bring to focus on the 

retina objects located a short distance from the eye. 

Character!' sties : Visual accommodation is limited to objects located no closer 

than approximately six inches to the eye (in adults). 

Limiting Factors : Factors that can affect the ability of an individual to 
vi sua'l ly accomodate with reference to objects located at various distances 
from the eye include the age of the individual and the characteristics of the 
visual median. 

Comments : Although visual accommodation plays an important role in many of 

the tasks associated with space operations, e.g., detailed workbench repair, 
visual inspection and examination of biological specimens, it is not expected 
that spaceactivities will impose any unique challenges to this capability. 

The sane visual aids that would be used in terrestrial tasks would be 
similarly applied in space. 
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HUMAN CAPABILITY DATA 




CAPABILITY CATEGORY - Sensory/Perceptual Capabilities 
HUMAN CAPABILITY - Detection and Discrimination of Tone 


Definition: 

o Tone Detection - The capability of the ear to detect sounds of small 
intensity. THe threshold of tone detection is the smallest intensity 
{lowest amount of energy) at a given frequency that can be detected 
(intensity is measured in decibels [dbj where db = log dynes/cm 2 ). 

e Tone Discrimination - The capability of detecting just noticeable 
difference (jnd) in the change in the frequency of a stimulus. The 
threshold of tone discrimination is the minimum amount of change in 
frequency that can be detected with a probability of 0.5. 

Characteristics: 

o i he ' threshold for tone detection will vary with the frequency of the 
tone in approximate accordance with the following table. 


Frequency (cps) db 

— a iu jo- 

ioo -30 

500 -60 

1000 -65 

2000 -70 

5000 -60 

10000 -45 


e Regarding tone discrimination, there is generally no ability to 
perceive a change in frequency in sounds whose intensity is below 
-20 db. 

e For sounds above 20 db, a frequency difference of 3 cycles per 
second can normally be discriminated for tones below 1,000 cycles 
per second. 

o . For tones above 1000 cps, the just noticeable difference (jnd) is 
usually about 0.3« of the frequency of the tone. 

Limiting Factors: 

o lone Detection - Factors tending to affect the capability to detect 
low intensity sounds include: 

- sound frequency 

- age of listener 

- previous exposure 

- background tones or noise 

o Tone discrimination is affected by the same factors as tone 
detection and, additionally, is influenced by: 

- the loudness of the tones 

- duration of the tones 
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Coments : Sounds are frequently used as auditory signals in space mission 

operations, and sounds of different frequencies are used to impart different 
types of information. Tone detection and discrimination are, consequently, 
necessary capabilities among space crewmen; thresholds are, however, never 
approached and the capability is, therefore, not challenged. Additionally 
malfunctions are frequently detected initially by the crewman noticing the 
advent of a new sound or a tone change in an existing sound. This auditory 
capability is useful, but would not normally be considered in operations 
pi anning. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Sensory/Perceptual Capabilities 
HUMAN CAPABILITY - Discrimination of Sound Intensity 


Definition : Sound Intensity discrimination identifies the ability to detect 
change in the loudness of a sound. The threshold of discrimination is the 
just noticeable difference (j’nd) of loudness change (energy change) to the 
loudness (energy) of a sound. 

Characteristics: Sound intensity discrimination is strongly dependent upon 
both the tone and loudness of the initial (test) sound. At frequencies 
between 500 and 5000 Hz a difference of less than 1 db can be detected for 
sound intensities between 10 and 60 db. 

Limiting Factors: The following factors can affect the jnd of a chanqe in 
sound intensity: a 

8 Sound frequency 

c Sound intensity 

o Age of listener 

o Background noise 

o Previous exposures 

Comments; Discrimination of sound intensity is not expected to be a widely 
used capability among crew personnel. Sound intensity discrimination often 
works in concert with visual capabilities in docking or other continuous 
adjustment type tasks but it will probably not be of much importance and will 
not be challenged by man's activities in space. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Senso^/Perceptual Capabilities 
HUMAN CAPABILITY - Sound Localization 


Definition ; Sound localization is the ability of a subject to perceive the 
direction from which a sound arrives. 

Characteristics : Sounds with frequencies up to 500 Hz can usually be located 
within approximately 10-12 deg. Sounds with higher frequencies (e.g., 3000 
Hz) can be located only within about 20 deg. 

Limiting Factors : The accuracy of sound localization can be affected by the 
following factors: 

o Direction of the sound in relation to the median plane of the head 
o Frequency of the sound 
o Loudness of the sound 

o Knowledge of the characteristics of the sound 

Comments : Sound localization is a factor in the normal behavior and 
activities of an individual but should not become important in defining the 
role of man in space operations. Tasks involving man would not be expected to 
depend upon, emphasize, or challenge this capability. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Sensory /Perceptual Capabilities 
HUMAN CAPABILITY - Detection of Light Touch 


Definition : Detection of light touch is the ability to detect and to locate 
the application of a small amount of pressure to the skin surface. This 
capability may also be defined in terms of "two-point threshold": the ability 
to detect two pressure points as separate when the distance between them is 
smal 1 . 

Characteristics : The threshold for the detection of light touch varies 
extensively with the area of the body tested. The two tables included below 
illustrate this condition. 


Thresholds for the 

Detection of Light Pressure 

Body Region 

Amt. of Pressure Required 
for Detection (gms/mm2) 

Finger Tip 

3 

Back of Finger 

5 

Front of Forearm 

8 

Back of Hand 

12 

Abdomen 

26 

Back of forearm 

33 

Sole of foot (Thick Area) 

250 

Threshold for Two-Point Discrimination 

Body Region 

Distance Between Points 

Finger Tip 

2-3 mm 

Trunk 

60-70 mm 

Tongue 

1-2 mm 

Back of Hand 

35-40 mm 


Limiting Fac tors: The factors which can affect the threshold of detection of 
light touch include the following: 

o Body region stimulated 

o Rate of stimulus onset 

o Duration of stimulus application 
o Skin temperature 

Consents : Detection of light touch, particularly as it contributes to fine 
manipulative skills, is one of the principal capabilities that establishes 
man's role in space. A number of activities which have been identified as 
candidates for space conduct, such as small animal dissect* on and surgery and 
repair and assembly requiring precise and exact manipulations, cannot be 
performed without man's direct involvement. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Sensory/Perceptual Capabilities 
HUMAN CAPABILITY - Tactile Recognition of Shape and Texture 


Definition : Tactile recognition is the capability of perceiving and 
"under standing the form and distinctive characteristics of objects by touch 
sensors only. 

Characteristics : Tactile sensitivity may be used to distinguish the shape of 

various objects if the shapes are not similar to each other. Although no 
general limitations have been identified, extreme care has been used in the 
development of control knobs that may be recognized by touch alone and wo"ld 
not be confused with each other. Tactile sensitivity may also be used in 
identifying textures, as long as the textures are sufficiently distinctive. 

For example, smooth, fluted, and knurled surfaces can be accurately 
discriminated but different patterns and depths of knurling and fluting are 
more difficult to distinguish from each other. 

Limiting Factors : Practically, tactile recognition is generally a function of 

the ringer tips. Some factors, which tended to limit tactile sensitivity such 
as the area of the body stimulated, are not applicable in this instance. Skin 
temperature, however, will tend to affect tactile recognition to the same 
degree that it affected sensitivity. Additionally, the gloved hand is 
generally less capable of recognizing shapes and surfaces than the skin 
surface directly applied to the object. An exception to this may occur in 
regard to roughened surfaces wherein the material of the glove would catch on 
the raised elements of the surface. 

Consents: There are few, if any, space-related tasks for which man would be 

selected or rejected because of his tactile recognition capability or its 
limitations. This capability is frequently recognized, hov/ever, in the coding 
of controls by shape, size, and texture. Requirements for this type of coding 
may be found in numerous human factors design handbooks. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Senso» 7 /Perceptual Capabilities 
HUMAN CAPABILITY - Discrimi nation of Force Against Limb 


Definition ; Discrimination of force against limb Is the capability of sensing 
relative amounts of force and changes in force acting against an extremity. 

C haracteristics : The capability of judging relative amounts of force or 
resistance acting against the movement of a limb is usually measured and 
expressed in terms of "difference limen" which is the average difference in 
force that can just barely be detected; thus, two forces have to differ (by an 
amount greater than the limen to be detected as being different. 

From the results of experiments, it appears that the hand/arm and foot/leg are 
quite similar in their capability to judge differences in force; also the 
capability of the hand/arm to judge differences in linear forces was similar 
to the capability of judging torque forces. The difference limen is much 
greater for forces of less than 5-10 pounds than it is for forces greater than 
ten pounds. 


(Difference Limen as a Proportion of Force) 



Linear Force 

Torque For 

Force in Pounds 

Foot/Leg 

Hand/Am 

Hand/Arm 

1 

«... 

0.21 

0.24 

5 

0.10 

0.10 

0.09 

10 

0.07 

0.08 

0.07 

20 

0.05 

0.07 

0.05 

30 

0.045 

0.06 

0.06 

40 

0.D4 

0.06 

0.05 


Limiting Factors : The follov/ing factors can affect the accuracy of 
BTscrTmT nati ng f orce against limb. 

o Amount of force 
e Position of subject 
o Fatigue 

Consents : The capability of discriminating force against limb is most 

frequently utilized in control manipulation. The operator of a control can 
sense both movement and force through his proprioceptive sense. Force and 
movement are, therefore, the primary sources of control feedback. This 
capability Is consequently used to advantage in the design of controls rather 
than in the selection or rejection of humans in specific space operations. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Sensory/Perceptual Capabilities 

HUMAN CAPABILITY - Discrimination of Limh Movement and Location 


Definition : Discrimination of limb movement and location is the capability to 
sense the rate and direction of movement of a limb and to identify its final 
location without visual cues. 

Characteristics : With training, blind positioning movements can become 
reasonably accurate. A blind positioning movement is one in which an 
individual moves a hand or foot in free space from one designated location to 
another without benefit of visual cues, such as reaching for a control device 
when the eyes are otherwise occupied. Accuracy is greatest for positions 
directly in front of the operator. The following table illustrates the 
decrease in accuracy in terms of the average distance of hits from the center 
of targets positioned at various positions with respect to an operator. 


135° 

Left 

90° 

45° Q° 

45° 

Ri ght 
90° 

135° 


2.8" 

2.4" 

2.6" 1.8" 

2.2" 

2.4" 

3.0“ 

450 U p and outward 

2.6" 

2.4" 

2.2" 1.1" 

2.2" 

2.2" 

2.5“ 

shoulder level 

2.8" 

2.2" 

2.0^ 

2.0" 

2.0" 

2.4" 

450 down anc i outward 



Tests related to discrimination of limb movement and location were performed 
by Skylab astronauts but the results were Inconclusive and difficult 1.0 
interpret. 

Limiting Factors : Factors that tend to limit the accuracy of discrimination 
of limb movement and location include: 

e Position of target relative to subject (as shown in the above 
table) 

o Posture and orientation of subject (When an individual is sitting 
or standing on a tilting platform, as opposed to sitting on a level 
seat, inaccuracies increase rapidly and non-uniformly. ) 

a Training 

Comments : This capability does not appear to be a pacing factor in the 

selection of man for specific roles in space. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Sensory/Perceptual Capabilities 

HUMAN CAPABILITY - Detection and Discrimination of Angular Acceleration 


Definition : The capability of detecting the onset of angular acceleration and 

changes in the magnitude of angular acceleration Is usually defined in terms 
of the physiological threshold which is the smallest amount of angular 
acceleration, or a change therein, that can be perceived by an individual. 

Characteristics : Under ideal conditions, the limits of perception of angular 

motion (angular acceleration) are dependent upon two factors: (1) the angular 

acceleration applied; and (2) the time over which the angular acceleration is 
applied. In general, for an angular acceleration to be sensed by the 
horizontal semicircular canals, the product of the acceleration and the time 
of application of the acceleration must be equal to or greater than 
approximately 2.5 degrees per second. Thus, If a Derson were subjected to a 
horizontal angular acceleration (yaw) of 2.5 degrees per second 2 for a 
1-second period, he would barely be able to perceive angular motion. If, 
however, the angular acceleration were 5.0 degrees per second 2 , it would 
require only 1/2 second of this acceleration to enable the person to perceive 
angular motion. On the other hand, if he were subjected to a 0.25 degree per 
second 2 acceleration, it would require at least 10 seconds of this 
acceleration for him to be able to perceive motion. This concept is referred 
to as Mulder’s law, and in equation form is 

aT = 2.5°/sec. 

The absolutely minimum acceleration that can be perceived by the horizontal 
canals, when a theoretically infinite time of application is allowed, is equal 
to 0.035°/sec. . It is generally believed that the vertical semicircular 
canals are somewhat more sensitive than the horizontal, and under those 
circumstances 

aT 2.5°/sec. 

for the vertical canals. We must always remember, however, that Mulder's 
constant (2.5°/sec.) holds true only under certain ideal conditions (i.e., 
in situations similar to the experimental conditions under which Mulder's data 
were obtained). In real-life situations the threshold may vary considerably, 
depending upon the state of arousal or upon the motivations of the individual. 


Limiting Factors : Factors that can influence the sensitivity of detecting the 

onset of and changes in angular acceleration include: 


o Which semicircular canals (horizontal, vertical, frontal) are 
stimulated 

e A previously applied angular acceleration 
o The presence or absence of non-labyrinthine cues. 

Comments : The capability to detect and discriminate the onset and magnitude 
of angular accelerations is involved in the use of the MMU (Manned Maneuvering 
Unit) and similar devices. Angular acceleration sensitivity would not be 
expected to be challenged by any rols of man in space operations. A more 
common concern of man's involvement with angular acceleration is the 
detrimental effects of excessive angular accelerations. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Sensory/Perceptual Capabilities 

HUMAN CAPABILITY - Detection and Discrimination of Linear Acceleration 


Definition: The capability of detecting the onset of linear acceleration and 

changes in the magnitude of linear acceleration is usually defined in terms of 
the physiological threshold: the smallest amount~6r linear acceleration, or a 

change therein, that can be perceived by an individual. 

Characteristics: The absolute thresholds of linear acceleration sensitivity 

1 0 T 0 TT tff'T u nc t i on ) are measured in two ways: 1) a change of 1.5 degrees in 

the direction of linear acceleration acting upon the otolith organs can be 
perceived under ideal conditions; and 2) a change of 0.01 g (9.8 centimeters 
per second per second) in the length of the linear acceleration vector acting 
upon the otolith organs has been reported to be perceptible. 

Limiti ng Factors : Factors whicn can influence the sensitivity of detecting 
the' onset" of and changes in linear acceleration include: 

o The original direction of the stimulus. 

o The original strength of the stimulus. 

o The status of the receptors with respect to adaptation. 

Comments : The capability to detect and discriminate the onset and magnitude 

of linear accelerations is involved in docking procedures and similar 
operations. Linear acceleration sensitivity would not, in all likelihood, be 
challenged by any role selected for man in space operations. A more common 
ccicern of man's exposure to linear accelerations is the detrimental effects 
the supra- threshold G x , Gy, and G 2 accelerations associated with 
launches, landings, and spacecraft tumbling. 


O' 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Sensory/Perceptual Capabilities 
HUMAN CAPABILITY - Detection and Discrimination of Vibration 


Definition: The capability to detect vibration and to discriminate among 

various' vibratory frequencies and amplitudes may be defined as the combination 
of frequency and amplitude at which repeated tactile stimuli cease to be 
identified as discrete events and are sensed as a continuous (vibratory) 
sensation. 

Character: sties : Although the perception of locally applied vibratory stimuli 

is considered to be a cutaneous sense, a part of the vestibular apparatus, the 
sacculus is thought to participate in the perception of whole-body vibration 
exposures. The threshold for vibrations applied tangentially at the finger- 
tips is approximately 10 Hz at 10~ 2 G and 800 Hz at 0,3 G. Whole-body 
vibrations become barely perceptible at about 2 x 10" 3 G at frequencies 
between 3-7 Hz. The threshold of perception rises rapidly for frequencies 
lower than 1 Hz and higher than 10 Hz. 

Limiting Factors : Factors which can influence the sensitivity of detection 
and di scrimination of vibration include: 

o Amplitude and frequency of the vibratory stimuli (discussed under 
"Characteristics") 

o Direction of vibratory stimuli with respect to the body surface 
being stimulated 

Comments : The capability to detect and discriminate vibration is generally 
involved in human performance; it is net, however, a capability that would be 
emphasized in assigning human roles in space. Of more interest to man in 
space is the effects of vibration on human performance. 
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CAPABILITY CATEGORY - Sensory/Perceptual Capabilities 
HUMAN CAPABILITY - Detection of Heat and Cold 


Definition: Heat and cold are detected by sensors in the skin which respond 
to an increase or decrease in the skin temperature in that area. The 
threshold for temperature detection Is the smallest rise or fall in tem- 
perature that can be detected. 

Characteristics : The adequate stimulus for both warmth and cold is heat. 

Cold is not a positive quantity, and temperature does not have the dimension 
of energy. The threshold stimulus for cold receptors is a fall in temperature 
at the rate of 0.004°C per second and, for warmth receptors, a rise of 
0.001 °C per second, both continuing for three seconds. The thermal sense 
organs record not the temperature of objects, but the temperature of the skin 
at the depth at which the receptors are situated. Hence, they are stimulated 
by internal heat as well as by the heat of the environment. The most im- 
portant temperature is the temperature of the skin. Objects having a tem- 
perature close to the physiologic zero, i.e., the temperature of the skin, 
elicit neither warmth nor cold sensations. On the other hand, even warm air 
falling on warm skin, such as with fever, arouses sensations of cold. 

Limiting Factors : Factors which tend to influence the sensitivity of heat and 
cold detection include the following: 

o Area of the body stimulated 

e Pre-stimulus skin temperature 

e Adaptation 

Comments : Some space station operations may benefit from man's ability to 

detect temperature changes as well as temperature quality and quantity; these, 
however, would customarily be unplanned situations and not the type that would 
define a role for man in their conduct. More commonly, interest is centered 
on man's ability to tolerate temperature changes rather than his detection 
threshold. 
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CAPABILITY CATEGORY - Sensory/Perceptual Capabilities 
HUMAN CAPABILITY - Detection and Discrimination of Odors 


Definition : The ability to detect and discriminate odors is a function of the 
o l factory membrane which lies in the superior and posterior part of the nose. 
It is stimulated by substances in the air which are volatile, at least 
slightly water soluble, and lipid soluble. In order to reach the olfactory 
membrane most substances must be drawn into the nose with purposeful 
inhalation which is greater in volume and flow rate than normal resting 
respiration. 

Characteristics : Absolute olfactory thresholds vary considerably, depending 
upon the method of measurement, but agree in Indicating very high 
sensitivity. For example, artificial musk can be detected at a concentration 
of only 0.00004 mg. per liter of air and mercaptan at 0.00000004 mg. per liter 
of air. Although the threshold concentrations of substances that evoke smell 
are extremely slight, concentrations only 10 to 50 tires above the threshold 
values evoke maximum intensity of smell. This is in contrast to most other 
sensory systems of the body, in which ranges of detection are very large, 
50,000 to 1 in the case of the eye and even much greater in the case of the 
ear. 


It appears, therefore, that the smell sense is concerned more with detecting 
the presence or absence of odors rather than with quantitative detection of 
their intensities. Smell can adapt within a few seconds to a few minutes 
until it is almost extinguished. After adaptation has taken place, the 
sensitivity of the olfactory cells returns gradually to normal over a period 
of many minutes. 


Limiting Factors : ^actors which tend to limit the sensitivity of odor 

detection' and di scrimination include the following: 


o Nature of the stimuli 

o Method of stimulus presentation 

o Condition of the olfactory epithelium 
o Adaptation 


Conrnents : The capability to detect and discriminate odors is useful in the 
detection of contaminants in air, water, or food; and, in some instances, in 
identifying substances by smell. The use of this capability by man in space 
would, however, be a chance event; it would not be a part of planned mission 
operations. In addition odor detection is easily extinguished by adaptation 
or overload; discrimination of individual stimuli in a mixture is poor; 
detection is non-directional , and significant training is required for 
accurate identification. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Intellectual Capabilities 
HUMAN CAPABILITY - Cognition 


Definition : Cognition may be defined as awareness, immediate discovery or 

rediscovery, or recognition of information in various forms: comprehension or 
understanding. Information acted upon by the human element can be in the form 
of figures, symbols, semantic units, behavioral units, classes, relations, 
systems and transformations. 

Characteri sties : The terms cognition and perception overlap to some degree. 

Both perception and cognition are concerned with input Information from 
sensory sources. Perception, however. Is concerned primarily with sensory 
properties and with the cognition of figural units. The complete cognitive 
process includes operation with symbolic, semantic, and behavioral concepts as 
well. Perception is midway along a continuum extending from sensing at one 
end, to thinking at the other. It is the process of organizing and 
interpreting sensory inputs based upon past experience. Cognition involves a 
broader range of mental activity including awareness of semantic meaning and 
abstract concepts. 

Limiting Factors : Factors which tend to change the effectiveness of cognitive 
activities include: 

o State of arousal 
e Sensory overload 
o Environmental stresses 
o Fatigue 

Comments : Planning and scheduling activities, monitoring flow patterns, 
target recognition, understanding speech patterns, etc., are examples of the 
cognitive operations that will be required in future space systems. In the 
transmission of speech, for example, peak clipping of the signal causes 
considerably less intelligibility loss than center clipping. Understanding 
the relative level of cognitive capabilities of humans in recognizing 
information in alternative forms permits the system designer to select the 
most efficient design approach for meeting mission objectives. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Intellectual Capabilities 
HUMAN CAPABILITY - Memory 


Definition : Memory is defined as the retention or storage, with some degree 
oT availability of information in the same form in which it was committed to 
storage and in connection with the same cues with which it was learned. 

Memory storage, however, is an essential condition or determiner of 
cognition. Memory is distinguished from cognition per se by the ability to 
recall information having once been exposed to the information. 

Characteristics : Information storage is of two distinct types: long-term and 

short-term. Short-term memory storage capacity is generally limited to about 
eight individual items. The human generally organizes stored information in 
terms of sensory modality (visual, auditory, etc.). The most significant 
storage problem occurs because of the potential interference between old 
("held") information and new items that present themselves during the holding 
period. This accounts for the frequent "reversal errors" in information 
processing. As a general principle, human memory is more effectively utilized 
as a means cf orienting and sequencing information than as a depository for 
isolated data or symbolic items. 

Limiting Factors : Factors which tend to change the effectiveness of memory 
functions include: 

o State of arousal of the human system (alertness) 
o Environmental stresses 
o Organization/disorganization 
e Cumulative disruption 
e Fatigue 
o Training 

Consents : Memory will be essential in long duration space missions for 
procedures, target characteristics, etc. 
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CAPABILITY CATEGORY - Intellectual Capabilities 
HUMAN CAPABILITY - Divergent and Convergent Production 


Definition: 


9 Divergent Production - is related to creative imagination. In this 
process, items of information are retrieved from memory storage and 
used to generate a number of varied responses. Divergent 
Production can be defined as the generation of new information from 
given information where the emphasis is on variety and quantity of 
output from the same source. 

o Convergent Production - is the derivation of logical deductions or 
at ‘least compelling inferences leading to a unique answer or 
conclusion. In convergent production the problem can be rigorously 
structured, and is so structured, and an answer is forthcoming 
without much hesitation. 

Characteristics : The conception of divergent-production abilities came about 
through investigation of certain hypotheses regarding the component abilities 
most relevant to creative performance. A factor of fluency was expected, and 
three kinds of fluency were found; a factor of flexibility was expected, and 
two kinds were found; and an expected factor of originality materialized. 
Later, in a study of planning abilities, a factor of elaboration was expected 
and was demonstrated. 

But factors of fluency and flexibility have been found in nonverbal tests as 
well as in verbal tests. Search among nonverbal tests revealed the parallels 
essentially complete in figural and symbolic areas of information alongside 
those in the semantic category. The three kinds of fluency are concerned with 
the products of units, relations, and systems; the two kinds of flexibility 
are concerned with classes and transformation, into which category originality 
fits; and elaboration has to do with implications. 

Utilization of DP abilities is observed in tasks that involve the production 
of information, in quantity and in variety, and sometimes with alterations in 
that information. Experimental work has demonstrated the forms and conditions 
needed for optimal utilization of these abilities. 

Limiting Factors : The limiting factors which are associated with divergent 
and convergent production are similar to those associated with other 
intellectual capabilities. 

Comments : Divergent production operations are required in problem solving, 

development of alternative courses of action, and improving in emergencies; 
convergent production operations are required for troubleshooting tasks. 
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HUMAN CAPABILITY DATA 

CAPABILITY CATEGORY - Intellectual Capabilities 
HUMAN CAPABILITY - Evaluation 


Definition : Evaluation is defined as a process of comparing a product of 

information with known information according to logical criteria and making a 
decision concerning criteria satisfaction. 

Characteristics: It has been found that evaluative abilities may be neasured 

by tests that' call for either absolute judgment of the yes-no, disjunctive 
type or relative judgments of the "which-is-best" type. The former probably 
has the advantage of providing better experimental control of what is measured. 

One of the most important issues when considering the use of this capability 
in system operations is the definition of the kinds of criteria for judgment 
that are required in the tasks to be accomplished. The more precise .criteria 
of identity, consistency, and similarity work well in some instances; it is 
not certain whether they can be universally applied among the many different 
task applications. In experimental studies, tests with looser criteria of 
various kinds have been variously successful, indicating some breadth of 
generality with respect to criteria for evaluation. Ho criteria of an 
aesthetic or ethical character have been applied. It is possible that 
aesthetic or ethical judgments involve new dimensions of evaluative behavior. 

Limiting Factors: Limiting factors which are associated with evaluation are 
similar to those associated with other intellectual capabilities. 

Comments : Evaluation operations will be essential for assessing the level of 
normal or abnormal performance of system elements and, through comparative 
judgments of "greater than." "less than," or "equal to," to direct system 
operations in the most expeditious manner. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Psychomotor/Motor Capabilities 

HUMAN CAPABILITY - Production and Application of Force 

Definition : Muscle force is a function of the following. 

o Muscle Tension - Muscle tension is maximum when the length of the muscle 
is greatest and momentarily there is no change in length. Muscle force 
decreases as the muscle shortens and as its rate of shortening increases. 

o Mechanical Advantage - Power is applied at the point of muscle attachment 
(i.e., the long bones are the lever arms, and the joints are the 
fulcrums). Thus, for example, when muscle force of extension is applied 
at the elbow, power is greatest when the elbow- is flexed. However, 
optimum mechanical advantage occurs at the midpoint cf full elbow travel. 

Optimum mechanical advantage more than compensates for the shortened 
muscle, therefore providing maximum strength at the midpoint. Human 
muscles in maximum contraction can exert considerable force (as much as 
1000 lb, 453 kg), but such forces cannot be fully utilized directly 
because all muscles work at some mechanical disadvantage, thus reducing 
output but increasing rate of movement. 

The production and application of muscle force also includes the following 

aspects: 

o Strength: The maximum force that muscles can exert isometrically in a 
single voluntary effort. 

o Isometric strength (static): The maximum force that muscles can exert 

when muscle length remains constant during contraction. 

o Isotonic strength: The maximum force that muscles can exert when muscle 
tension is kept constant. 

o Concentric force: The force exerted when the muscle is shortened against 

an external resistance. 

o Eccentric force: The force exerted when the muscle lengthens passively 
against an external force. 

o Effort: Physiological strain, both static and dynamic. 

o Work: Dynamic effort (i.e., force times displacement). 

o Endurance: The ability to continue work or exert force. 
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Characteristics : Data are available relating maximum muscle strength to a 
number of "’factors including body build, body position, limb position, and age. 
Values of interest may be found in most human factors design handbooks and are 
too numerous to be repeated in this document. Selected examples are given. - 
below: 

o Hand grip strength 134 lbs (mean of U.S. Air Force, male 

personnel ) 

o Back lift 350 lbs (mean of males) 

o Finger pull 8 lbs 

e Forearm lift 60 lbs 

o Bench 21 lbs 

o Pedal force 60 lbs (from a seated position) 

e Lever Force (seated) 45 lbs (fore-aft), 18 lbs (lateral) 

o Lever Force (standing) 130 lbs (away from body), 120 lbs (toward 

body) 

40 inch-lbs (plane of cranking perpendicular 
to operator's frontal plane, 35 inch-lbs 
(plane of cranking parallel to operators 
frontal plane) 

66 lbs (floor level to knuckle height), 62 
lbs (knuckle height to shoulder height), 60 
lbs (shoulder height to arm reach) 

95 lbs (36 inches above floor) 

75 lbs (48 inches above floor) 

50 lbs (60 inches above floor) 

150 lbs (with no structural push-off support) 
149-194 lbs (with structural push-off 
support) 

(The value is dependent upon the distance of 
the object from the support and on the 
height of the force plate.) 

Maximum muscle force can be exerted for no 
longer than approximately 30 seconds, after 
which it begins to decrease rapidly. At one 
minute it is about 60% of maximum; at 2 
minutes, about 40%; and at 4 minutes, 
slightly better than 25%. After four 
minutes endurance declines more slowly so 
that at 10 minutes it remains at about 18% 
of maximum. 


o Hand Cranking 


e Lifting Forces 


o Lifting and Carrying 


o Moving Large Objects 


9 Endurance 


Limiting Factors: Factors that can affect the maximum amount of force that 
can "b"e produced by muscular activities ‘nclude the following. 


Or 

Mcnovn/rtc DOl/OX.48 


/ 


A-27 



V 


Age and sex 




In general, adult females are only about 
two-thirds as strong as adult males. 

In terms of age, individuals have maximum 
strength between the ages of 30 and 40. 
Usually there is a rapid development in 
strength between the ages of 13 and 19, and 
this development slows somewhat between the 
ages of 20 and 25. This is followed by a 
slower increase in strength to the maximum 
betwte .1 25 and 30 years of age. People 
begin to lose about 10 percent of their 
strength by age 40, 15 percent by age 50, 20 
percent by age 60, and at least 25 percent 
by age 65. 


• Body build As a rule, people with larger body builds 

have more strength, although less powerfully 
built individuals may require less oxygen 
for a given task requiring strength. 

Slender persons often are best at performing 
rapidly fatiguing tasks involving strenuous 
exercise. Physique does not necessarily 
correlate with the ability to perform 
moderate exercise, normal persons usually 
show a 30 to 50 percent increase in strength 
after about 12 weeks of training. 

Strength is affected by health, diet, and 
the use of drugs, and strength often varies 
with diurnal conditions (e.g., people 
usually have maximum strength at about 
midmorning). 

o Thermal environment Heat affects strength adversely (e.g. .when 

temperatures exceed 85°F (29°C), 
especially under conditions of high 
humidity). In general, however, low 
temperature has little effect except in 
terms of body mobility and finger 
dexterity. When individuals become 
acclimated to a hot environment, they 
generally gain back a great deal of their 
normal strength. 

o Acceleration Although accelerations up to 5 g's do not 

affect strength, endurance is affected. Arm 
movements are effective up to about 6 g's, 
and wrist and finger movements are effective 
up to about 12 g's. Practical 
considerations include the following: 
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Forces acting against the direction of 
acceleration are decreased. 

Forces acting with the direction of 
accelerations are increased. 

Forces acting perpendicular to the direction 
of acceleration are least affected. 

o Emotional Condition Strength may increase under stress {i.e., 

fear, panic, rage, or even excitement). 
However, skill and accuracy generally are 
degraded. 

It has been demonstrated that, with 
hypnosis, pull with forearm flexion may 
increase as much as 26 percent. Increases 
may also occur when the maximum effort is 
preceded by a pistol shot or when the 
subject shouts during the effort. 

Generally speaking, psychological rather 
than physiological factors determine maximum 
strength in the "real world". * 

It has been noted that wnite-collar workers 
generally are about 10 to 20 percent weaker 
than manual or blue-collar workers. The 
implications is that the latter are used to 
a rougher and more strength-demanding 
environment. 

Comments: Two of the more important factors in determining the amount of 

force that an individual is able to exert in a given situation are body 


When individuals are not restricted in terms 
of body position and are provided with 
appropriate supporting and/or anchoring 
facilities, they generally will assume a 
position from which they can apply their 
maximum force capability. However, this 
does not necessarily mean that this is 
always the best position for maintaining 
lesser force applications for extended 
periods of time. 


position and limb position, 
o Body position 
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Since there is usually a reciprocal response 
during force applications (e.g., lifting, 
pushing, and pulling), it is important to 
provide appropriate support and anchoring 
conditions, such as a flat, level floor or 
deck; a solid, stable seat and seat 

backrest; or a footrest. 

9 Limb position Both limb position and direction of force 

application are important variables in 
determining the amount of force an 
individual can apply. Handgrip forces 
generally are greater if the gripping task 
is close to the individual's body than if it 
is at arm's length. Arm strength is greater 
if the individual can push against a 
backrest or footrest. Maximum leg force 
occurs when the individual's knee is 
slightly bent fin a seated position with the 
leg just "short" of maximum extension and 
with the ball of the foot at approximately 
the same level as the individual's 
buttocks). Maximum arm force occurs when 
the force can be applied approximately at 
shoulder level. For the seated individual, 
pull force is greatest when the object is 
positioned at nearly maximum arm length; 
push force is greatest when the object is 
positioned at about half the full arm 
extension. 

Lifting capabilities depend on the size, 
shape, and gripping characteristics of the 
package being lifted and on the distribution 
of weight within the package. For example, 
a package that is too large to allow the 
individual to wrap his o*' her arms around 
it, to grip it securely, or to offset poorly 
distributed weight (the package's c/g is too 
far from the individual's own c/g) cannot be 
lifted or carried v/ithout the probability 
that the individual will drop it, will lose 
his or her balance, and/or will suffer 
strain and possibly some semipermanent or 
permanent injury. 

Selected strength capabilities for various 
lifting and force-application situations are 
provided on the following pages. Since some 
of the data pertain only to adult males, a 
good rule of thumb for applying the 
guidelines to females is that females 
generally are about one- third weaker than 
males. 
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These factors become all-important in the almost frictionless environment of 
space. Handholds, footholds and body restraints become the key to any task 
requiring strength application. Strength values determined in a one-g 
environment must be extrapolated with caution to the weightless environment 
since similar anchoring and body positioning is often difficult to obtain. A 
compendium of values is not available for the zero-g situation.,^ 

Of course, moving largo objects in space is much more simple. Mo limits have 
yet been set on the mass of an object which is practical to maneuver and 
translocate in space. Size, restricting both visibility and positioning, 
appears to be much more of a constraint than mass. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Psychomotor/Motor Capabilities 
HUMAN CAPABILITY - Control of Speed of Motion 


Definition ; The most easily identifiable and measurable manifestation of 
control of speed of motion is reaction time or response time. This capability 
is generally considered at two levels. Simple reaction time is the shortest 
time between the moment a sensory receptor is stimulated and the time some 
body element reacts. The measurement of simple reaction time, however, 
typically involves a defined response, such as pressing a key, which allows a 
comparison of the reaction time of various sensory channels to be included in 
he measurement. Complex reaction time is a demonstration of the capability in 
which information-processing time is included in the measurement. Customarily 
the subject is asked to recognize one stimulus from among several and to 
respond by selecting one of several response modes. 


Characteristics: Response time may be considered a function of several 
factors, including: 

• The sensory channel through which the stimulus is initiated. 

« The signal or stimulus characten sties, 

e The complexity of the signal, 

o The signal rate. 

e Whether anticipatory provisions are present. 

o The response mode, e.g., the body member used. 

Tests involving key response have demonstrated the reaction times for various 
input channels (e.g., hearing, 0.15 sec; touch, 0.16 sec; and sight, 2.0 
sec). 

The following estimates have been made regarding the several components of a 
conplex reaction. Time: Stimulus detection and neural transit time, 

0.1 sec; brain recognition time, 0.4 sec; decision-making time, up to 
4.0 sec; and motor response time, 6.0 sec. 

Other generalizations of interest include the following: 

o It generally taxes about 20 percent longer to respond with the fe^t 
than with the hands. 
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a The preferred hand is usually about 3 percent faster than the 
nonpreferred one. 

o Everyone has a refractory period of about 2 to 3 seconds, 

regardless of a stimulus demand rate, which means that a second 
stimulus arriving within 0.5 seconds will be treated together with 
the first. 

e Simple reaction times usually can be reduced by as much as 40 
percent by providing an alerting signal. 

Limiting Factors: Factors which tend to limit control of speed of motion and 

alter response time include the following: 

• Signal intensity: The greater the intensity of the signal, the 
faster will be the reaction time. 

• Signal anticipation: When the signal is anticipated, reaction time 
is typically shorter. 

« Practice: Reaction time tends to be reduced with practice. 

o Pacing: If operators can set their own pace, they can often react 

faster to known signals. 

e Signal quality: Operators generally can react faster to a 

high-pitched sound, a brighter light, a larger visual target, a 
lenger-duration signal, and a signal emanating from a particular 
location. 

o Likelihood of signal appearance: The least likely signals will 
have the longest reaction times. 

o Signal format: When signals are arranged sequentially or are 
meaningfully grouped, reaction time is typically shortened. 

o Overload: Although an operator can adjust to excessive signal 

rates by relying on memory for short bursts, total response failure 
may occur when rates are too high for too long. 

o Number of response choices; e.g., 1 choice, 0.20 seconds; 7 
choices, 0.60 seconds. 

o Reach distance. 

a End point control and precision (in contradistinction to the end 
point being automatically controlled). 

o Added manual force required by response. 

o Distraction. 
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• Physical and psychological stress, 
o Workplace constraints. 

• System feedback. 


Conments: Control of speed of motion, response time, and reaction time are 
essential elements in crew tasks. In general, this capability has its most 
significant impact on task design. Some operations, however, which involve 
extremely brief response times would be inappropriate for man's involvement. 
These usually must be identified on a function-by-function basis. 


ry 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Psychomotor/Motor (liabilities 
HUMAN CAPABILITY - Control of Voluntary Responses 


Definition: Voluntary control of movement is part of the perceptual -motor 
process involving coordination between o‘ne or more sensors, the brain, and the 
musculoskeletal system. Voluntary movements are generally classified as 
tension movements or ballistic movements. Tension movements are slow intense 
movements created by the contraction of antagonistic muscles operating one 
against the other with unequal tension. Ballistic movements are free and 
generally more rapid, since the simultaneous operation of antagonistic muscles 
flffUimum. 


Characteri sties: Because of the complexity of voluntary response control, few 

specific tests and measurements can be devised which accurately define its 
characteristics. The following generalizations may be used to better 
understand the capacities and limitations of the capability. 

o Sensorimotor control between any of the sensory channels 'a-nd-tke 
hands is generally more accurate and reliable than that between the 
sensory channel and the feet. 

o Hand and arm movements coordination is better when these movements 
are close to the body and symmetrical. 

• Arm movements that progress forward and/or away from the body are 
more accurate than arm movements that are directed toward the 
body. The same is true of leg movements. 

e Right-handed individuals are more proficient at making clockwise 
movements than at making counterclockwise movements; left-handed 
individuals are just the opposite. However, all people make 
clockwise movements better with the right hand, and 
counterclockwise movements better with the left hand. 

e Generally, a person can rotate his or her hand and wrist more 
precisely in one direction than another. 

o Multiple arm and/or leg translaiory movements are more efficient 
when they are similar, i.e., moving the left hand to the left or 
forward while at tne same time moving the right hand to the right 
and forward. 

o A person can apply force more accurately to two simultaneously 
operated controls when the controls are located symmetrically with 
respect to the body and when the directions of movement are similar. 
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9 When separate and different kinds of controls are operated 

simultaneously, there is a high probability that the operation of 
one or another control will suffer in terms of operator input 
efficiency. 

® Combined movements, such as trying to push and precisely rotate a 
control at the same time, almost invariably introduces inaccuracy 
in one of the motions. 

« Excessive disparity between two manual operations often results in 
a complete breakdown of the sensorimotor response of one of the 
activities. 

e Continuous feedback is desirable in order for most control 
movements to remain optimized, that is to maintain an accurate 
direction, force application, and/or rate of movement. 

« On the basis of proprioceptive feedback, individuals judge extent 
of movement more accurately than movement force applied, and force 
more accurately than duration of movement. 

e Although visual control is more important while an individual is 
learning a new perceptual -motor task, as performance becomes 
habitual, proprioceptive feedback may become the more important 
feedback resource. 

o When less than 0.5 second per movement is required, blind movements 
are as accurate as when using visual positioning. 

o When the rate of movement is constant, accuracy diminishes as the 
interval between movements increases. 

o It takes about 0.04 seconds to develop maximum tension. 


Limiting Factors: Factors that tend to affect the speed and accuracy of 
- voluntary response control include the following. 

o Mental set. 

o Practice and training. 

o Motivation. 

o Physical characteristics of the workplace, 
o Environmental factors, 
o Fatigue. 



Comments: Tasks requiring highly refined and coordinated movements are most 
often allocated to man because of the technical difficulty and cost of 
producing machines that are capable of similarly refined movements. This 
capability is the governing factor or is significantly involved in the 
assignment of man to numerous roles in space operation. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Psychoraotor/Motor Capabilities 
HUMAN CAPABILITY - Continuous-Adjustment Control (Tracking) 


Definition: In continuous adjustment or tracking tasks some input specifies 

the desired output; this may be constant or variable. The input is typically 
received directly from the environment. If the input is sensed mechanically, 
it may be presented to operators in the form of signals on a display. The 
input signal is commonly referred to as a target, and its movement is called a 
course. The target can usually be described mathematically and shown 
graphically. The input, in effect, specifies the desired output of the 
system. The output is usually brought about by a physical response with a 
control mechanism. In some systems output is reflected by some indication on 
a display commonly called the controlled element. 

Characteristics: In continuous-adjustment control tasks, control 

effectiveness' depends on, at least, the following factors. 

e The ability of the operator to anticipate what is going to happen 
when he provides input to the system. 

o The ability of the operator to predict what will happen when he 
makes specific system inputs. 

e Feedback on a timely basis about what is happening as the operator 
makes control inputs. 

o How much differentiation, integration, and/or algebraic addition 
the control and display task requires of the operator. 

o How well the specific control and display devices provide 

compatible relationships between the operator's sensory, perceptual - 
and motor and physical characteristics. 


Two types of tracking tasks are generally recognized: 

c Pursuit tracking - A tracking task in which the operator's control 
and display system provides separate indications for input and 
output; i.e., the operator makes inputs into the control and then 
to a display element to follow a target. 

o Compensatory tracking - A tracking task in which input and output 
signals are presented to the operator in terms of a difference 
between the system and the operator's control input. 
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Limiting Factors: Factors which can affect the effectiveness of the control 

include the fol'lowi ng : 

• The duration of the delay between Inputs. 

o The amount of noise in the system. 

o The relationship betv/een control and display direction and rate of 
motion. 

o Controller force requirements. 

o Relationship of the position, direction, and range of movement of 
the controller with the operator's musculoskeletal system and 
operating position. 

o The number of controls requiring integrated operation. 

e Operator's fatigue. 


Comments: Humans have proven themselves most competent and efficient in 

certain continuous-adjustment tasks, such as rendezvous and docking 
activities, particularly when sufficient preview of the "track ahead" is 
available. A blanket statement cannot be made regarding the allocation of 
continuous-adjustment tasks to man o'" machine. Each situation should be 
judged within itself to determine if the factors are present which will permit 
man to perform effectively. 
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HUMN CAPABILITY DATA 


CAPABILITY CATEGORY - Psychomotor/Motor 
HUMAN CAPABILITY - Arm/Hand/Finger Manipulation 

Definition : This human capability describes the ability to accomplish tasks 
involving fine, detailed, and precise movement of the fingers, hands and arms, 
such as those used in handling small items and specimens, assembling small 
parts, and in fine adjustment of controls. 

Characteristics: Because of the varied nature of manipulative movements, no 
quantitative data have been developed concerning their characteristics or 
limitations. The following generalizations have been made regarding finger 
dexterity and control operation accuracy. Although certain people develop 
considerable dexterity with practice, the average person is able to perform 
certain types of control manipulations more accurately than others. 

• Rotational manipulation is more accurate than sliding manipulation 
or movement of thumb or finger wheels, although the latter is more 
accurate than the sliding manipulation. 

o Rotation in the horizontal plane is generally more accurate than 
rotation in the vertical plane, although the horizontal accuracy 
depends on the ability of the operator to rest his or her hand on 
the adjacent surface. 

c A pencil-sized joy stick is manipulated more precisely than one 
requiring a full fist grip, and the accuracy is increased 
significantly if the operator can rest his or her arm on a nearby 
horizontal surface. 

o An L-shaped handle is more accurately positioned than a round knob, 
such as a doorknob. 

Limiting Factors: Factors which tend to influence* the effectiveness of 
ma n i pul a t i ve mo ve'me n t s include: 

o Light intensity. 

o Temperature. 

o Training (familiarity with task). 

o Alertness/Fatigue. 

o Design of work area. 


Corments: Man's manipulative skills are among his major assets with respect 
to his role in space operations. Numerous tasks, particularly those 
associated with the operation of research laboratories, require manipulative 
movements which would be extremely difficult (if not impossible) and costly to 
automate. 
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HUMAN CAPABILITY DATA 


CAPABILITY CATEGORY - Psychomotor/Motor Capabilities 
HUMAN CAPABILITY - Body Positioning 


Definition : In this context, body positioning refers to setting up the body 

as "a work platform in a coordinated fashion. The function includes 
neuro-muscular facilitation, muscular strength, and proprioception. 


Character!' sties: The only definitive values that have been developed relative 
to body positioning are those associated with the limits of body movement from 
various positions. These are termed functional dimension of the body and are 
available in human factors handbooks. Values are customarily presented in 
terms of population percentiles, e.g., 5th, 50th, and 95th percentiles. 


Limiting Factors: Task-associated body positioning accomplished in the 1-g 
environment wil 1 be altered significantly in the weightless environment. The 
restraint system, including footholds, handholds, and torso restraints, 
available for the task will, to a great extent, govern the approach taken for 
body positioning. Under certain conditions significant limitations may be 
placed on performance because of this dependency on available restraints. 

A second factor associated with extra-vehicular operations is the restrictions 
placed on body positioning by the EMU. Rigorous human factors design 
principles must be incorporated into the configuration of any system $nd its 
components that is a candidate for EVA maintenance or replacement in order to 
be responsive to the restrictions on normal body positioning. 


Comments: Body positioning and the limitations imposed by the space situation 
muse be considered in any allocation of tasks to man which require whole-body 
involvement. 
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Interview with Owen K. Garriott 
April 10, 1984 

1. Based on your Skylab and Spacelab experiences, what are the lessons 
learned or technology gaps that should be considered in defining the 
hurnan role in future space systems? 

A fairly complete summary of my observations on Skylab appeared several 
years ago in Science (18 Oct 1974, Vol. 186, pp 219-226) (see Reference 
33). I have also prepared a summary of Spacelab I events and it appears 
in the July 13, 1984 issue of Science magazine (see Reference 34). These 
observations should be of interest to you. Technology has improved from 
the lessons learned on Skylab and much of it has been built into Spacelab. 

The use of a computer in particular in Spacelab was very helpful for 
scheduling and other types of activities. There was no such computer on 
Skylab. 

The Spacelab was not designed to be repaired by the crew because of its 
short duration mission. Things did tail, however, and we had to again 
prove that man was capable of developing workarounds and fixing things 
when they break. 


2. What have been your observations on the Space Adaptation Syndrome? Can 
“ the crew maintain their ability to work while experiencing these 
conditions? Can they mentally override the discomfort? 

In ny experience, not everyone has been subject to this syndrome. For 
example, on Skylab only two individuals suffered noticeable effects. In 
any event, however, when the crew is going through this time we should 
try to keep their v/orkload to a minimum. Physical activities are not 
impaired by SAS but mental activities do suffer because of the lethargic 
state that SAS can induce until adaptation occurs. This state of 
lethargy can last 2 or 3 days. 
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3. When performing a manual task, what did you find to be the preferred body 
orientation? Did you use your hands or feet to ground out torques? 

On the general subject of restraints, I strongly recommend the use of 
foot loops which enable the crewmen to have both hands free for work 
purposes. While working, you normally have a checklist in one hand and 
are using your other hand to flip switches or whatever. I recommend the 
addition of many more loops for Spacelab. The foot loops are nice 
because you can use them for restraint, but when not in use they lay flat 
and are not an obstruction on the floor. With reference to body 
orientations for performing tasks, it doesn't really matter if you're 
upside down or not just as long as you're in the same orientation as the 

panel you're working at. 


4. It has been reported that the deployment of the camera in the Space Lab 
Airlock was a difficult operation. Is this a task that might be bettor 
done in the automated mode rather than manually? 

Manual deployment was not bad, the hard part was latching the 5 or so 
doglegs to secure the hatch (this requires about SO lbs of force to 
accomplish). With regard to making it automated rather than manual, 
“Absolutely not!!". As an example, during a shift change on Spacelab, I 
was coming on and the first order of business was to deploy the airlock. 

- The shift going off had installed a locking pm in the deployment 
mechanism, but didn't pass that information on. When I attempted to 
crank it I immediately felt something was wrong and had to wake up the 
crewman who went off. If automated, something could have been damaged. 
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5. In your experience, how realistic are the proposed timelines for future 
space station missions; e.g., the CDG concept of each person working 
9 hours/day, 5 days/week? 

Ground prepared pre-mission timelines are sometines good and sometimes 
not. For easy predictable activities like system activations or 
deactivations, flipping switches, or other things along those lines, the 
timelines are good. However, tinelines for experiments like fluid 
physics were off by about a factor of three and this was because the 
experiment required real-time reactions in order to accomplish the 
experiment. As a result of this the mission specialists had to do what 
they could during the scheduled mission times and they had to add an 
extra day just to finish the experiment. Experiments can't always be 
accurately simulated in advance when dealing with unknown results. Work 
schedules for the 10 day mission were good based on 12 hours/day and 
should not be changed. I don't particularly care for 5 days/week and 9 
hours/day. I suggest scheduling for 9 hours, but having the shifts run 
for 12 hours. My rationale is that you have to divide 24 hours evenly 
either by 2 or 3 which results in 12 or 8 hour shifts respectively. 


6. Do you have any observations on any other limiting factors on human 
involvement that should be considered when planning future missions? 

I don't have any particular observations relative to human limiting 
factors. Intersocial activities are important for missions like Skylab 
or Space Station. When you work in such close quarters it's important 
for the individuals to have separate sleep areas so they have a place to 
go to be by themselves. Another important area is that the crew who 
works together needs to train together. Everyone in the team needs to 
know what everyone's work responsbil ities are and wnat the person's 
feelings and weaknesses are. For example, MDC has an engineer flying on 
the next shuttle, but very few people in the astronaut office know who he 
is. However, he has been working with the crew and the., know him, 
hopefully!! Also, schedule 1 hour/day for exercise. 
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7. Can you cite any critical events that have occurred in previous missions 
that in turn will help define the human role in future missions? 

In-flight repair of Skylab not only saved the program from near disaster 
but also was an essential element in the completion of most of the 
experimental objectives. 

(Ed. note - Owen Garriott's article entitled "Skylab Report: tian's Role 
in Space Research" , Science , 18 Oct 1984, Vol. 186, pp. 219-226, gives an 
excellent summary of the critical events that required human 
participation during the Skylab missions.) 

Spacelab as well benefited from the human presence. A substantial amount 
of the experimental operations and data were saved through the innovative 
maintenance and repair capabilities inherent in the crew. For example, 
the High Data Rate Recorder (HORR) tape transport janmed and was cleared 
by hand. In preparation for flight, no maintenance training for this 
failure was provided, but the crew was helped by having become familiar 
with the unit during training for a tape change. On the other hand, one 
experiment used a small tape recorder to generate visual images to 
present to one eye in a vestibular test. Although the tape recorder 
janmed, the crew was instructed not to attempt a repair. Postflight 
inspection revealed that the problem could have been readily fixed. 

The flexibility and innovation represented by having the crew available 
is a resource which should be capitalized upon. However, preflight crew 
training should include general familiarization with almost all moving 
equipment items. 



8. One of the roost important issues in designing future mission operations 
is to make proper utilization of human intelligence whether on the ground 
or on orbit. Do you have any coments in this regard? 

Man's presence is Important for conducting various types of experiments. 
The crewman performing the experiment may not be an expert in the field 
of study for that task, but he is able to interact with the ground-based 
Pi's and still be able to obtain good data from the experiment. An 
analogy might be the crewman serving as the end-effector for the 
PI/Remote Manipulator. Both Skylab and Spacelab are good examples of 
this type of interaction. 

9. Are there any specific aids and/or support equipment that in your mind 
could significantly increase the effective utilization of human 
intelligence in space? 

C\ Controls and displays need vast improvements which can better utilize the 

human. The dynamic evolution of software can be incorporated to provide 
better details rather than the present 2 dimensional TV displays. A lot 
of development is required in this area. 


,10. It has been suggested that a display system that could pictorially 

pinpoint the crewman' s/experimenter's location with respect to the earth 
would be very' useful in order to know what to do and when to do it prior 
to the target appearing. Is there a need for such a display? 

It is very important for the crewnen/experimenter to know where his 
relative position is with respect to the earth. For example, the ground 
track data at Mission Control is not available on orbit. For Spacelab we 
had an electronic instrument (from a Silicon Valley company) which showed 
where we were plus we could input information for specific targets plus a 
few other bells and whistles. J. Young liked it so much that it may fly 
on all flights from here on out. 
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11. How adequate have the 1VA lighting facilities been to date? How does 
s Spacelab compare to Skylab in this respect? 

i 

Lighting was good on toth Skylab and Spacelab with no light problems 
anywhere. Since we know what the interior design is, it can be mocked up 
on the ground to determine the necessary lighting requirements. Hot much 
else to say about this. 



12. Are there any functional limits to human performance in space that you 
can foresee? 

a. Limits based on human senses and motor limitations? 

b. Limitations restricting humans ability to use their senses or motor 
capabilities at a given time due to: radiation exposure; debilitating 
effects of zero-g, i.e. muscle atrophy; etc. 

With reference to the first question, I can l t think of any scheduled 
activities that were compromised by human limits. 

My feelings on radiation exposure are that people should not and will not 
be exposed to high levels of radiation. The effects of long-tem 
exposure to zero-g are signified by the loss of muscle tone in the lower 
body. Therefore, physical training is required in order to keep those 
muscles in shape, fty opinion is that 1 hour per day for physical 
training is sufficient. Heuromuscul ar weakness is not evident in space; 
it is cnly noticed after return to Earth. 
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OBSERVATIONS DURING THE 
SOLAR MAX REPAIR MISSION 



During STS FLight 41 -C (the Solar Max Repair Mission) two THURTS Study team 
members, R. J. Dellacamera and S. M. Chucker, were present at the Mission 
Operations Control Center at JSC, to observe the crew performance and 
interaction during this mission and to obtain data/1 nforraati on pertinent to 
the continuing definition of the human role in space. 

STS Flight 41 -C was launched on Friday, April 6, 1984, and was scheduled to 
perform two primary missions. The first was to deploy in orbit the NASA/IRC 
Long Duration Exposure Facility (LDEF) and the second was to capture, repair 
and redeploy the Solar Maximum Spacecraft (SUM). 

The first scheduled EVA was set for Sunday, April 8, where the crewmen were to 
capture the SMM by means of the Manned Maneuvering Unit (f"iU), stop the 
spacecraft^ l°/sec rotation and permit the RMS to capture the SMM and 
install it in the Flight Support Stand (FSS) where the maintenance activities 
would take place. They were then to change out the failed attitude control 
module which would have concluded the first EVA. However, the retrieval 
operation did not proceed as planned. Nelson and his MMU approached the 
spacecraft and matched its rotation rate, but when the T-pad impacted the 
trunnion, the jaws did not release and he bounced off the satellite. Two 
other attempts were made; hov/ever, those too were unsuccessful. One other 
attempt was made to stabilize the satellite's motion and that was to grab one 
of the solar arrays and stop the rotation. Although this attempt was 
unsuccessful, it was later found to have improved the solar array-to-sun angle 
thus allowing the batteries to achieve a 10Q£ recharge. The unsuccessful 
attempts to retrieve the SMM resulted in an increase in the satellite's 
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rotation rates from l°/sec in roll only, to l°/sec In roll and pitch and 
0.6°/sec in yaw. The MMU retrieval was discontinued because the available 
propellant was approaching a red line condition. At this point, the EVA was 
terminated in order to re-evaluate the repaid mission alternatives. 


OBSERVATION - These unsuccessful attempts could have been successful if the 
human operator could have manually triggered the jaws in the T-pad mechanism. 
Risk of failure could have been reduced by designing for redundant manned 
operations. 


The decision was made to attempt an RMS rotating grapple of the spacecraft, if 
the rotation rate could be reduced. The Payload Control Center activated the 
spacecraft's torquer bars in order to stabilize the vehicle. Since this 
operation requires 24 to 36 hours, the Shuttle initiated a separation burn to 
conserve fuel rather than having to station keep. 

On Tuesday, April 10, the Shuttle approached solar max to attempt the rotating 
grapple. By this time, the spacecraft had been stabilized to a O.E°/sec 
rotation in the roll axis and had a slight coning angle of about 15°. The 
RMS went into a communications blrckout region just as the RMS grapple 
operation began. When communications were reestablishedThe crew indicated 
they had captured the spacecraft. 

The baseline mission schedule was modified and the second EVA, scheduled for 
, Uednesday, April 11, was changed to accomplish all of the repair activities at 
one time. The actual repair operation went very smoothly since the crewmen 
had performed these tasks several times during the l/ETF training simulations. 
The maintenance interfaces manipulated by the crewmen were as follows: 

Attitude Control Module - 

The mechanical attachment consisted of 2 large Acme bolts each 
tightened to 100 foot-lbs and requiring 8 revolutions to undo the 
Interface. The electrical interface was accomplished through a 
self-aligning, blind-mated connection. A special battery-powered 
torque wrench tool was used to access the Acme bolts. 


iwcnowvLL oo(/ci4s; 


B 9 


- 



Coronagraph's Main Electronics Box (MEB) - 

A hinge had to be attached to the MEB to allow the box to swing out 
to provide access to the 11, 0-series electrical connectors. These 
connectors were held down with a total of 22 screws requiring 4 turns 
each. There was a special powered screwdriver set used to remove 
both the electrical connectors and mechanical attachments. When the 
new MEB was installed it again interfaced with the hinge to allow 
access for installing the electrical connectors. The reattachment of 
the electrical connectors made use of spring clips rather than the 22 
screws. 


Van Hoften commented after removing the ACS module that the torque wrench tool 
worked very well. 


03SERV ATI01I - with proper tools, any task that can be accomplished by a human 
operator on the ground can be accomplished in orbit. 


During this EVA operation, the Nikon 35mm camera experienced a film jam. 
Nelson removed the thermal covering, removed the power drive and unjanmed the 
frame that was stuck (while in the EMU). He then reversed the process, 
reassembled the unit, and was thereby able to salvage the 35mm photos. 


OBSERVATION - Hunan ingenuity can be used to handle contingency operations, 
develop workarounds and increase mission success probability. 


Van Hoften reported that about 50S of the solar array cells were delaminated. 
Meanwhile, the ground was receiving good power indications from the spacecraft. 


OBSERVATION - Human Sensory/Perceptual processes can sense and detect changes 
in state or condition that would be very difficult to instrument for renote 
monitoring. 


A photo recon of the satellite was performed for about 30 minutes. The 
creimian was in the manipulator foot restraint (MFR) for this operation. 
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OBSERVATION - The success of this operation was highly dependent upon the 
effectiveness of the communication interaction between the EVA and IVA crewmen. 


The crewmen performing the SMM repairs ended up about an hour ahead of 
schedule. The timelined mission was to take about 4 hours and 50 minutes, 
while in actuality they completed the mission in just under 4 hours. 


OBSERVATION - Timeline data derived from ground based and neutral buoyancy 
simulations are accurate enough to be used for mission planning purposes 



After the repairs were completed, the spacecraft was checked out to verify 
that the nodules had been properly installed. To do this, the ground 
activated the heaters in the two new modules and they received a positive 
indication that they were functioning. During this time Van Hoften took the 
opportunity to perform some additional evaluations of the MMU's operation. 


OBSERVATION - The capability of the human operator to redefine procedures, ] 
operations and/or schedules to take advantage of fortuitous opportunities for > 
data gathering can significantly enhance the value of technology development I 
missions. 
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The second EVA was then terminated after a successful repair mission. The FSS 
rotated the spacecraft around to provide access for the RMS. The RMS then 
grappled the spacecraft and lifted it from the FSS. At this point, the ground 
commanded the deployment of the TDRS antenna on the SMM and the spacecraft was 
released. 
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OBSERVATION - The classes of generic space activities (as developed in the 
THURIS study) which were observed during this mission included the following 

1. Activate/Initiate System Operation 

2. Adjust/Align Elements 

3. Connunicate Information 

4. Confirm/Verify Procedure/Schedule/Operations 

5. Connect/Disconnect Electrical Interface 

6. Deactivate/Terminate System Operation 

7. Define Procedures/Schedules/Operations 
3. Deploy/Retract Appendage 

9. Detect Change in State or Condition 

10. Gather/Replace Tools/Equipment 

11. Implement Procedures/Schedules 

12. Inspect/Observe 

13. Measure (Scale) Physical Dimensions 

14. D osition Module 

15. Precision Manipulation of Objects 

16. Problem Solving/Decision Making/Data Analysis 

17. Release/Secure Mechanical Interface 

18. Remove Module 

19. Remove/Replace Covering 

20. Store/Record Elenent 

21. Transport Loaded 

22. Transport Unloaded 
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Appendix C-l 


SPACE PLATFORM PROJECT (Page 1 of 4) 


/T 


MISSION 


OPERATIONAL SEQUENCES OPERATIONAL ACTIVITIES 


Initial Deployment Extract from Cargo Bay (Shuttle) 


Berth 


Deploy Appendages 


Attach 'PSyTSad 


System Verification Check 


Separate 


Payload Reconfiguration Close Proximity Operations 


Berth 


Payload Exchange 


Release Longeron Latches 
Lift SP from Cargo Bay 
Deploy Berthing Mechanism 

Lower SP t* ~>rthing Position 
Insert Trunnions into Longeron Latches 
Close Longeron Latches 
Mate SP/Orbiter Umbilical 

Deploy Antennas 
Acquire/Autotrack TDRS 
Orbiter to SP Communications 
Elevate Radiator 
Deploy Solar Arrays 
Activate TCS and EPS 
Checkout TCS and EPS 
Orbiter to SP Power and Cooling 
Begin SP CMG Spinup 

In-Bay Checkout of Payload 
Release Longeron Latches 
Lift Away Fron Cargo Bay 
Maneuver Payload to Berthing Port 
BertirPayload to Port 
Mate Payload/SP Umbilical 
Payload to SP Power/Cool mg 

Begin Payload Operations 
SP Verification Operation 
End Payload Operations 

Orbiter/SP to Separation Attitude 
Orbiter to Internal Power/Cool mg 
Orbiter to Internal Communications 
Disconnect Orbiter/SP Umbilical 
Inhibit SP CMG’s 
Release Longeron Latches 
Lift/Release SP From Orbiter 
Enable SP CMG’s 

Orbiter/SP Sep’n Bum Sequence 

Retract SP Solar Arrays to 10% 

Retract SP Radiator 
Orbiter Approach to 200 Feet 
Verify SP OK for Docking 
Orbiter Approach to 40 Feet 

Inhibit Orbiter PRCS 

Inhibit Orbiter VRCS and SP CMG's 

Lower SP to Berthing Position 

Insert Trunnions into Longeron Latches 

Close Longeron Latches 

Mate Orbiter/SP Umbilical 

Extend SP Solar Arrays to 100% 

Extend SP Radiator 
Orbiter to SP TDRS Comm 
Orbiter to SP Power/Cool ing 
Activate SP CMG’s 

Payload to Internal Power/Cool ing 
Disconnect Payload/PS Umbilical 
Unberth Payload 
Transfer to Storage Port 
Berth on Storage Port 
In-8ay Checkout of P3yload 
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Appendix C-l. ' SPACE PLATFORM PROJECT (Page 2 of 4) 


HI SSI ON 


Maintenance 


Evolutionary Growth 


OPERATIONAL SEQUENCES OPERATIONAL ACTIVITIES 


Stow Old Payload 


Separate 


Close Proximity Operations 
Berth 

Module Exchange 


Separa te 

Close Proximity Operations 
Berth 

Module Installation 


Release Longeron Latches 
Lift Away From Cargo Bay 
Maneuver Payload to Berthing Port 
Berth Payload to Port 
Mate Payload SP Umbilical 
Payload to SP Power/Cooling 
Payload Checkout 

Unberth Payload 
Transfer to Cargo Bay 
Insert Trunnions into Longeron Latches 
Close Longeron Latches 

Orbiter/SP to Sep'n Attitude 
Orblter to Internal Power/Cool ing 
Orbiter to Internal TORS Comm 
Disconnect Oibiter/SP Umbilical 
Inhibit SP CMG’s 
Release Longeron Latches 
Lift/Release oP From Orbiter 
Enable SP CMG's 

Orbiter/SP Sep'n Bum Sequence 

See P/L Reconfiguration 

See P/L Reconfiguration 

Pre-Maintenance Activities 
Gather Pequired Tools 
Maneuver to Maintenance Location 
Gain Access to Old Module 
Disconnect Electrical Connectors 
Undo mechanical attachment 
Remove Old Module 
Transport Old Module to Cargo Bay 
Attach Old Module to Carrier 
Pemove New Module From Carrier 
Transport New Module to Maintenance 
Location 

Install new Module in Mounting Position 
Secure Mechanical Attachment 
Connect Electrical Connectors 
Replace Access Coverings 
Transport to Cargo Bay 
Replace Tools 

Post Maintenance Activities 
System Verification 

See P/L Reconfiguration 
See P/L Reconfiguration 
See P/L Reconfiguration 
Gather Tools 

Maneuver to Module Spares Carrier 
Remove New Solar Array Wing From 
Carrier 

Transport to Storagp Port 
Berth to Storage Port 
Maneuver to Starboard Solar Array Wing 
Disconnect Electrical Connectors 
Undo Mechanical Fasteners 
Remove Old Solar Array Wing 
Transport Old S/A Wing to Spares 
Carrier 

Attach Old S/A Wing to Carrier 
Maneuver to Storage Port 
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MISSION 


OPERATIONAL SEQUENCES 


OPERATIONAL ACTIVITIES 

Remove Hew S/A Wing 

Transport New S/A Wing to Installation 
Position 
Install S/A Wing 
Secure Mechanical Attachments 
Connect Electrical Connectors 
Maneuver to Spares Carr er 
Remove Battery Charging Pack 
Trarsport to Installation Position 
Gain Access For Module Installations 
Install Battery Chargers in Mounting 
Positions 

Secure Mechanical Attachments 
Connect Electrical Connectors 
Maneuver to Spares Carrier 
Remove Battery Regulator Pack 
Transport tn Installation Position 
Install Batte.y Regulators in Mounting 
Positions 

Secure Mech<. .leal Attachments 

Connect Electrical Connectors 

Maneuver to Spares Carrier 

Remove Battery Pack 

Transport to Installation Position 

Install Batteries in Mounting Positions 

Secure Mechanical Attachments 

Connect Electrical Connectors 

Replace Access Coverings 

Maneuver to Spares Carrier 

Remote New S/A Wing From Carrier 

Transport to Storage Port 

Berth to Storage Port 

Maneuver to Port Side S/A Wing 

Disconnect Electrical Connectors 

Undo Mechancial Fasteners 

Remove Old S/A Wing 

Transport Old S/A Wing *o Spares Carrier 
Attach Old S/A Wing to Carrier 
Maneuver to Stoiage Port 
Remove New S/A Wing 

Transport New S/A Wing to Installation 
Position 
Install S/A Wing 
Secure liechamcal Attachments 
Connect Electrical Connectors 
Transport to Cargo Bay 
Replace Tools 
System Verification Check 


Mission Free-Flyer Ops 


Separate 
Capture Data 


Preprocess Data 


See P/L Reconfiguration 

Peceive and Count Blocks 
Block Error Check 
Deblock and Mass Store 
Transmit to Preprocessor 

Receive Data and Store 
Reverse Tape Recorder Data and 
Prepare to 8atch 
Extract Data and Establish 
Observation Sets 

Correlate and Append Ancillary D3ta 
Archive and Transnit to User or 
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SPACE PLATfORM PROJECT (Page 4 of 4) 


MISSION 


CPEKATIOVAL scout hces 


OPERATIONAL ACTIVITIES 


Analyze Observations (Peal Tine) 

Cal ibration 

Locate Observations 

Analyze Health ana Safety (Q/l) 


Buffer 1/0 
Display Data 
Enhance Bata 
Analyze Data 

Instrument Radiometric Correction 
Instrurent Geometric Correction 

Platform Pointing Corrections 
Payloaa Pointing Corrections 

Playback Data 

Cecoonutate and Unit Check 
Extrack HiS Subset ar.d Scale 
Output and Oisplay Processed Data 
Hard Copy and Plot Data 


Plan mission 


Define Smstrunent Tineline A Connand 

Define Payload Tineline, Ccmancs A 
Pointing Profile 
Define Platfom Housekeeping A 
Science Support Commands A Tineline 
Schedule Maneuvers Define Instrurent Constraints on 

Maneuvers 

Define Payload Requirements A 
Constraints 

Establish Platfom Maneuver Profile 
Establish °ayload Maneuver Profile 


Schedule Observation 
Analyze Mission Tinelirc 
Schedule Resources 

Integrate Comands A Schedules 

Con-and TDSSS, Platform, 
Payload A Instruments 

Relay Comur.ication 
Platfom C A CH 

Pay load C A DH 


Establish Platfom Co-nand Tirelinc 
Establish Payload Comand Tineline 
Establish Instru-ent Conrand Tireline 

Identify Platform Resource Constraint 
Violations 

Identify Payload Pesource Violations 

Resolve Conflicts 

Define TDR5S Tires A Services 

Define MASCOM Tines A Services 

Confirm Schedules 

Resolve Conflicts A Changes 

Develop A Tire Correlate Uplink 
A Real Tine Comand People 
Constraint Check Integrated Con.mjnd 
Load 

Acquire Comumcation Links 

Uplink Menory Loads 

Perform A Manage Real Tire Commanding 

Provide Links A Services 

Link WSGT to DCF 

Acquire S? RF Lock 

PF Quality Checks A Demodulate Cata 

Block A Forward Cata 

Ercode Payload Data Stream 
Correlate A ErcoCe Ancillary Data 
Multiplex A RF Data 
Decode A Distribute Platform A 
Payload Comand A Comard Loads 

Synchronize A Ercode Sensor Data 
Extract Cuicl Lcox Observation Cata 
Synchronize A Ercode HAS Cata 
Tag A Output Data to Payload C A CH 
Process Instrument Comands A Comand 
Loads 
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Appendix C-2. LIFE SCIENCES RESEARCH PROGRAM (Page I of 6) 


MISSION 


OPERATIONAL 

SEQUENCES OPERATIONAL ACTIVITIES 


I. 


Study Of Bone Demineralization A. 
In Zero Gravity 


Maintain & 
Monitor Rat 
Colony 


1. Visually Inspect rats within habitat 

a. Hale direct visual inspections. 

b. Inspect video images of rats. 


2. Examine displays of habitat environmental 
parameteis. 

a. Call up environmental data. 

b. Evaluate data with respect to 
required ranges. 


3. Inspect records of food and water 
consumption 

a. Call up records for speciment on 
CRT. 

b. Coirpare records with normal 
consumption data. 


4. Evaluate animals health. 


5. Process urine samples 

a. Remove urine collector 

b. Measure urine volume and deliver 
aliquot to container. 

c. Place container in freezer - 
check freezer temeprature 

d. RecoriTdata on appearance of urine 
and sample size. 


1. Transfer rat from habitat to SMMO 
a. Remove habitat from holding 
facility. 

b Place habitat in workbench, 
c Open habitat and remove rat / 
d Transfer rat to SMMD module and ' 
secure 

e. Attach restraint nodule to SMHD. 

2 Operate SH.hD. 

a. Activate SMMD. 
b Pead display of rat's mass and 
record. 

3. Return rat to holding facility. 


B. Measure Mass 
of Rats 


C Acquire, 
Process, and 
Store Rat 
Blood Sample 


Acquire blood sample and centrifuge 

a. Remove rat from habitat at 
workbench. 

b. Place rat in restraint unit 
c Apply tail heater. 


2 Acquire blood sa-pl* and centrifuge 

a. Penove blood sample from tail vein 
b Transfer sample to centrifuge tube. 

c. Return rat to habitat in holding 
faci 1 i ty. 

d. Centrifuge blood samples 
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Appendix C-2. LIFE SCIENCES RESEARCH PROGRAM (Page 2 of 6) 


MISSION 

OPERATIO.IAL 

SJCOUEMCES 

OPERATIONAL ACTIVITIES 



3. Store Samples 

a. Draw off plasma from tubes, 
b Record volume ano transfer to 
storage tubes 

c. Store sa-ples In freezer - note 
freezer terperatures 


D. Sacrifice 
Rats, Acquire 
and Store 
Tissue 
Samples 

I. Prepare rats for dissection. 

a. Remove rat from habitat in workbench 
enclosure. 

b. Return habitat to holding unit. 

c. Place rat in guillotine restraint 
system 

d Guillotine rat. 

e. Remove rat from guillotine 
restraint system and secure to 
dissection board 



2. Dissect rat and remove tissue samples 

a. Dissect rat and remove samples of 
interest. 

b. Remove samples and place in holding 
contairors. 



3. Freeze samples and store. 

a Transfer sarples from saline 
solution to cryogenic coolant, 
b. Remove samples from cryogenic 
freezer and store in freezer, 
c Discard remains into waste 
management system. 


E Analyze Blood 
and Urine 
Sanples 

1 Analyze sa-ples 

a. Remove samples from freezer and 
thaw 

b. Transfer samples to analyzer 
containers. 

c. Place samples in analyzer and 
activate 

d. Operate analyzer. 

e Exam.me and record results. 



2 Study results. 

a. Examre data for interral consis- 
tency. 

b Compare data to norral values 

c. Compare data to expected changes. 

d. Make judgments about bone loss 
fn zero gravity. 

e Log conclusions and discuss with 
terrestrial P. I ’s 



3. Plan subsequent experiments 

a. Determine if changes warrant 
alterations in exp protocol, 
b Dctemine laboratory support 
capabilities, 
c. Plan logistics 
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Appendix C-2. LIFE SCIENCES RESEARCH PROGRAM (Page 3 of 6) 



MISSION 


OPERATIONAL 

SEQUENCES OPERATIONAL ACTIVITIES 

I 


F. Perform 
Histological 
Analysis 


Prepare tissue 

a. Pemove tissue and trim for mounting 
on microtome 

b. Imbed tissue in paraffin 

C. Mount tissue block on microtome 

d. Operate microtome 

e. Mount tissue slices on microscope 
slides 

f. Conduct staining procedure 


2. Examine tissues under microscope 
a Mount slide on rlcroscope. 

b. Focus microscope 

c. Examine tissue for abnormalities, 
d Photograph views of Interest. 

e. Record findings and discuss with 
terrestrial P I 


3. Study results 

a. Examine data fo internal consis- 
tency. 

b. Compare data to normal values. 

c. Compare data to expected changes, 
d Hake judgments about bone loss 

in zero gravity 

e. Log conclusions and discuss with 
terrestrial P.l *s 


II. Study of Metabolic Work In 
Zero Gravity In Humans 


4 Plan subsequent experiments 

a Determine if changes warrant 
alterations in exp protocol 
b. Deter-ine laboratory support 
capabi 1 i ties. 

C Plan logistics 


A Set Up 1 

■ Experiment 
for Metabolic 
Experiment 


Prepare bicycle ergometer 

a. Remove from storage and assemble. 

b. Checkout functions and calibrations, 
c Introduce workload program into 

ergometer micropocessor. 


2. Set up cardiovascular monitoring system. 

a. Establish appropriate interconnec- 
tions among system components. 

b. Checkout functions, operations, 
and calibrations 


3. Set up metabolic monitoring system, 
a Establish appropriate inter- 
connections among system components, 
b Checkout functions, operations, 
and cal iberations. 


8 Prepare 
Subject for 
M.stabol 1c 
Testing 


1. Measure mass of subject 

a. Position subject in body mass 
measurement device (CMKO) 

b. Activate and operate EMMD 

c Pead mass from BMMD display and 
record. 
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Appendix C-2 


LIFE SCIENCES RESEARCH PROGRAM (Page 4 of 6) 


! MISSION 

1 


rr 


OPERATIONAL 

SEQUENCES OPERATIONAL ACTIVITIES 

[2. Apply sensors to subject. 

a. Subject electrode locations on 
subject. 

b. Prepare and apply electrodes. 

c. Attach electrode lead system 

d. Connect lead system and check 
Integrity of assemblies. 

3 Fasten, adjust, and checkout respiratory 
mask and valve. 

a. Position mask and fasten head straps 

b. Adjust mask to facial anatomy of 
subject. 

c Attach valve and hose to mask, 
d Check mask for flow and leaks. 

1. Monitor cardiovascular function, 
a Check heart rate display. 

b. Evaluate heart rate with regard 
to work load. 

c. Examine ECG waveform 

d. Identify ECG abnormalities 

e. Actuate oscilloscope camera. 

f. Check operation of strip chart 
recorder 

g Assess status of subject 

2 Monitor metabolic parameters. 

a Monitor 0; conSumption/Cf^ produc- 
tion 

b Evaluate metabolic rate with regard 
to workload 

c. Assess status of subject's 
physical conditioning 

d. C h eck computation of FQ 
e Examine and evaluate operation 

of X-Y plotter. 


C. Monitor 
Metabolic 
Work 


D Analyte 
Metabolic 
Experiment 


3 Terminate metabolic work test 

a Monitor physiological parameters 
during recovery period 

b. Remove electrodes/sensors from 
subject 

c. Disasse-ble and store experiment 
equipment 

d. Collect experiment records. 


1 Reduce experiment data. 

a. Enter data from experiment records 
onto data forms 

b Calculate derived values and 
correlations 

c Evaluate effects of tero gravity 
on metabol ic work 
d. Record conclusions and discuss 
wTTTi terrestrial P I ‘s 


2 Plan subsequent experiments 

a Determine if changes warrant 
alterations in exp. protocol, 
b Determine laboratory support 
capab' lities. 
c Plan logistics 
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Appendix C-2. LIFE SCIENCES RESEARCH PROGRAM (Page 5 of 6} 


OPERATIONAL 

MISSION SEQUENCES OPERATIONAL ACTIVITIES 

1. Assemble VRF and prerpare for operation 

a. Assemble shaft arms and drive 
system. 

b. Attach specimen modules. 

c. Test operation of VRF system. 


2 Set up electrophyslological measurement 
systen 

a. Establish appropriate inter- 
connections. 

b. Checkout functions, operations, 
and calibrations. 


3 Prepare specimen for test. 

a Transfer habitat from holding 
facility to workbench enclosure. 

b. Remove rat form habitat and 
anesthetize 

c. Examine status of implanted 
electrodes. 

d. Apply surface electrodes 

e Check signal characteristics 
f. Install rat in VRF module 
g Attach specimen module to VRF 
h. Recheck electrophyslological 
signals 

1 Conduct prelim experiment activities 

a. Collect baseline (non-rotational ) 
data 

b Program operational parameters 
into VRF microprocessor 
c Check module environmental 
parameters 


2. Initiate experiment. 

a Activate VRF rotational and 
gravitational vector programs, 
b Check operation of monitoring 
system 

c. Display physiological parameters, 
d Evaluate physiological variables 
with respect to acceleration vectors) 

3. Monitor experiment procedure. 

a. Monitor environmental displays, 
b Monitor VPF operations 
c Monitor electrophyslological 
displays 

4 Terminate experiment 

a Stop VRF rotation 
b Continue monitoring c ’.s r trophvsio- 
logical displays 

c Transfer module to general puroose 
workbench 

d Disconnect electrode leads and 
specimen restraint system 
e Transfer specimen to habitat 
and return to holding facility 


B Conduct 
Vestibular 
Function Exp 


III. Study Of Vestibular Function 
In Zero Gravity 


Set Up 

Equipment for 

Vestibular 

Experiment 
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Appendix C-2. LIFE SCIENCES RESEARCH PROCRAM (Page 6 of 6) 


MISSION 

OPERATIONAL 

SCIENCES 

OPERATIONAL ACTIVITIES 


C Analyze 
Vestibular 
Exp Oata 

1. Reduce experiment data 

a. Enter data on data forms. 

b. Calculate derived values and 
correlations. 

C. Evaluate effects of rotation on 
physiological variables 

d. Record conclusions and discuss 
with terrestrial P.I.'s. 



2 . Plan subsequent experiments. 

a Determine if changes warrant 
alteration in exn. protocol 
b Determine laboratory support 
capabi 1 i ties, 
c. Plan logistics. 
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APPENDIX D 


ACTIVITY TIMELINE PROFILES AND DATA SHEETS 
FOR 37 GENERIC ACTIVITIES 
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APPENDIX D 


Timeline Profiles 

This appendix contains the timeline profiles for each of the 37 Generic Space 
Activities derived in Task 2.1. For each activity, a timeline range bar 
represents the typical range of times that can be expected in accomplishing 
the specific task in each man-machine category. For each time range, one or 
more information sources are referenced. The symbology as described in 
Section 3.2 of the report designates the general nature of the source. The 
information sources that are referenced in the timeline profiles correspond to 
the following: 

(1) McDonnell Douglas Astronautics Company, Alternative System Design 
Concept Study (Space PlatftfWfWwA? 1 ^ System! , Contract NAS8-33955, 

DR Nos. 1-16, July 1982. 

(2) Space Platform Ground System Study - Final Report , 7/21/82, Ford 
Aerospace and Communications Corporation (Subcontract to MDAC under 
IJAS8-33955) . 

(3) Space Station Program Description Document - Book #6, Appendix B, 
Operations Studies , Second Level White Pages, 8/83, Space Station 
Operations Working Group, NASA-KSC. 

(4) National Aeronautics and Space Administration, Skylab Mission 
Sequence Evaluation , TMX-64816, March 1974. 

(5) Space Station - Vol, III, Book 3, 48 Hr. Analysis , KDC G0634, 7/70, 
Contract NAS8-25140. 

(6) Space Station - Crew Operations Definitions , MDC G0645, 8/70, 

Contract NAS8-25140. 
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(7) Space Maintenance and Contingency Operations Simulation lleutral 

Buoyancy Testing (NB-51) - Final Report, MDC HOI 90, MDAC-HB, Hay 1 903. 


(8) McConnell Douglas Astronautics Company Engineering Estimate. 

(9) National Aeronautics and Space Administration, Johnson Spa«fe Center, 
Mission Planning and Analysis Division, The 25-Kilowatt Power System 
- Baseline Reference Mission , JSC 17066, February 1981. 

(10) General Dynamics, Definition of TPMs for Early Space Station - Orbit 
Transfer Vehicle Servicing , Vol. 2 - Technical Report, Contract 
NAS3-35039, June 1983. 

(11) Spacelab 1/STS 9 Operations Debriefing and Flight Review. 

(12) Similar task has been demonstrated/observed in some other actual 
space flight operation. 

(13) National Aeronautics and Space Administration, Marshall Space Flight 
Center, Analysis of Large Space Structures Assembly - Man-Machine 
Assembly Analysis , Contractor Report No. 3751, NAS8-32989, December 
1983. 

(14) Ewald Heer (Editor), Remotely Manned Systems - Exploration and 
Operation in Space , California Institute of Technology, 1973. 
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ACTIVITY TIMELINE GROUNDRULES 


o Range of Times Derived From Analyses of Specific Tasks 

Similar Task With Actual On-Orbit Performance 

[5] Similar Task Performed in a Space Simulation 

© Engineering Estimate Based on Design or Operational Experience 

b Activities Requiring Direct Human Involvement for Accomplishment 
Eliminate Supervised/Independent Options 

b Manual Operations Limited to 50 Minutes Based on Fatigue Levels 
and Attention Span Limits 

ta “Limiting Factors” Establish Rationale for Man-Machine Category 
Allocations 


ACTIVATE/INITIATE 
SYSTEM OPERATION 
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APPLY/REMOVE BIOMEDICAL SENSOR 
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Man Machine 
Categories 

Time Scale 

Requirements for 
Human Involvement 

Limiting Factors in 
Human Involvement 

Manual 
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N/A — Not Applicable 
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CONNECT/DISCONNECT 
ELECTRICAL INTERFACE 
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CORRELATE DATA 
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DEACTIVATE/TERMINATE 
SYSTEM OPERATION 


VQS997 
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I Requirements for I Limiting Factors in 
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GATHER/REPLACE 

TOOLS/EQUIPMENT 


Men-Mactiine 

Categories 

Time Sefcle 

Requirements lor 
Human involvement 

Limiting Factors in 
Human Involvement 

Manual 
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IMPLEMENT 

PROCEDURES/SCHEDULES 
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Supported 
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REPLACE/CLEAN SURFACE COATINGS 
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APPENDIX E 
SUPPORT EQUIPMENT 
REQUIREMENTS FOR 
37 GENERIC ACTIVITIES 
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Table E-l 

SUPPORT EQUIPMENT LIST FOR COSTING VARIOUS MAN-MACHINE MODES 


A. Facilities 

Al, Space Station Facility 

A2. Ground Control Center, Baseline System 

A3. Payload Control Center, Baseline System 

A4. Data Handling Facility, Baseline System 

AS. Tracking and Data Relay Satellite System (TDRSS) 

A6. Unmanned Platform Basic Resources 

B. EVA Support Items 

Bl . Extravehicular Mobility Unit (EMU) 

B2. Manned Maneuvering Unit (MMU) 

B3. Remote Manipulator Systdm (RMS) . 

C. Tool Kits and Mechanical Support Equipment 

Cl. Power Tool, Portable 

C2. Tool Kits, Manual 

C3. Gas Recharge Kit 

C4. Fluid Recharge Kit 

C5. Test Set, Al ignment/Cal ibrati on. Portable 
C6. Test Set, Electrical Checkout 

C7. Surface Coating/Refurbishment Apparatus 

C8. Support Equipment, Experiment Specific - Category A 

C9. Support Equipment, Experiment Specific - Category B 

CIO. Support Equipment, Experiment Specific - Category C 

Cl 1 . Support Equipment, Experiment Specific - Category D 

C12. Cherry Picker with Work Platform (RMS) 

Cl 3. Restraints to Support Manned Activities 

C14. Life Sciences Experiments Tool Kits 



E 2 



SUPPORT EQUIPMENT LIST FOR COSTING VARIOUS MAN-MACHINE MOOES (Continued) 


D. Command, Control, Communication, and Data 

Management Equipment 

01. Control /Display for Remote Gimbals 

D2. Control /Display for Remote Cameras (TV and Photo) 

D3. Automatic Adjustment for Control of Remote Equipment 
D4. Voice Intercommunication 

D5. Control and Display Activation and Monitoring 

Equipment, Keyboard 

D6. Hardware for Accepting Remote Conmands 

07. Display and Software for Record Keeping, Procedures, 
Schedules, and Maintenance 

Dri. Computer Programmed for Command and Control of a 
Specific Function/Task by Artificial Intelligence 
D9. Encode/Decode Data Equipment 

DIO. Data Computation and Reduction Equipment 

Dll. Input/Output Data Buffer Equipment 

D12. Central Timing Unit 

D13. NSSC Interface Management Unit 

014. Remote Units 

015. CDMS Central Unit 

D16. High-Rate Recorder 

D17. Low-Rate Recorder 

D18. NSSC- 1 1 Computer 

019. Ku-Band Communication Equipment 

D20. S-Band Communication Equipment 

021. Low-Gain Antennas 

022. RF Transfer Switch 

023. Support Instrumentation/Sensor Equipment 

024. Telemetry Unit 

025. Payload Command and Data Acquisition Unit 


Table E-l 

SUPPORT EQUIPMENT LIST FOR COSTING VARIOUS MAN-MACHINE MODES (Continued) 


E. Orbital Mobility Systems 

El. Orbital Maneuvering Vehicle (OMV) 

E2. Orbital Transfer Vehicle (OTV) 

E3. Telepresence Manipulator System (TMS) 

F. Operating Systems Software 

FI. User Interface 

F2. Facility Readiness Test (Integration) 

F3. Dynamic Scenario Profile Generation 

F4. Command Generation 

F5. Telemetry Data Handling 

Fb. Input/Output 

F7. Test Data Generation 

F8. Data Base Generation/Maintenance 

F9. Data Reduction 

F10. Support Software 

Fll. Software for Command and Control Hardware Controlled from a Remote 
Ground or Orbi tal -Based Work Station 
FI 2. Software for Computer Programmed for Command and Control of a 
Specific Function/Task by Artificial Intelligence 


r~y 

Afcoow^rtt aouat-A* 


E4 
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ACTIVITY HUMBER: 1 


ACTIVATE/ INITIATE 
SYSTEM OPERATION 


SUPPORT EQUIPMENT REQUIREMENTS 


CATEGORIES OF MAN-MACHINE INTERACTIONS 



1 

E 

L 

SUPERVISED 

S A 

E 



u u 

0 


0 

P G 

P 


N 

P M 

E 

G 


0 E 

R 

R 

0 

R N 

A 

0 

R 

T T 

T 

U 

B 

E E 

E 

N 

I 

D D 

D 

D 

T 


HUMAN SUPPORT EQUIPMENT REQUIRED (SEE TABLE E-l) 


I V A 


A1 

A1 

A1 

A2 

A1 

A2 

C8 

C9 

CIO 

A5 

D5 

A3 

Cl 3 

Cl 3 

D5 

A6 

D6 

A4 



D6 

D5 

FI 1 

A5 




D6 


A5 




FI 1 


D3 

D6 

D7 

oa.fi 2' 


EVA 


EXAMPLE - Activate Canera/T.V. Inage Gathering Equipment 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERATED 

SUPERVISED GROUND 

SUPERVISED ON-OPBIT 

INDEPENDENT 


35 nn Canera 

35nn Canera with Auto Advance 
35rnn Canera with Auto Timing Sequence 
RMS TV Canera 
TV Camera 
TV Canera 

Satellite Inage Equipnent 


♦Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 


MCOOWWJTtL DOOCtAfl 


ry / 



SUPPORT EQUIPMENT REQUIREMENTS 



EXAMPLE - Adjust/Regulate Thermal Fluid Flow Rate to External Radiator 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERATED 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Hand Activated Valve 

Tool Assisted Valve 

Power Tool Assisted Valve 

Renote Satellite Servicer for Manual Valve 

Mechanized Valve On Space Platfom 

Mechanized Valve On Space Platfom 

Self Monitoring and Adjusting Autonatic Valve 


* Considered as one item of support equipment 
08 - Computer Hardware 
Fi 2 - Associated Software 
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SUPPORT EQUIPMENT REQUIREMENTS 


ACTIVITY NUMBER: 3 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





T 



I 

N 





E 

L 

SUPERVISED 



S 

A 

E 



D 



u 

U 

0 


0 

E 



p 

G 

P 


N 

P 

ALLOCATE/ASSIGN 

M 

p 

M 

E 

G 


E 

DISTRIBUTE 

A 

0 

E 

R 

R 

0 

N 


N 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

N 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPORT EQUIPMENT REQUIRED 


A1 

A1 

A1 

A1 

A 2 

A1 

A2 


C2 

B7 

C2 

D5 

A5 

D5 

A5 



C2 

C6 

E3 

A6 

D6 

A6 



C6 

Cl 3 


D5 

FI 1 

D3 



Cl 3 

D7 


D6 


D6 

I V A 





FI 1 


D7 

D8.F12* 

EVA 







. 


EXAMPLE - Power Disruption fron Failed Solar Array, Required to Reassign Power Pouting 
and Reallocate and Redistribute Power 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPEP.ATED 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Switch by Hand and Circuit Breaker Control 
Troubleshooting and Switching and Circuit Breaker Control 
Troubleshooting with Aid of Data File and Displays 
Renote Satellite Serviced By Telepresence Manipulator Systen 
Ground Connanded Switching on Renote Platfom 
On-Orbit Connanded Switching of Renote Platform 
Self-healing Systems 


* Considered as one item of support equipment 
D8 - Computer Hardware 
FI2 - Associated Software 



E-7 





























SUPPOPT EQUIPMENT REQUIREMENTS 


1 

1 

ACTIVITY HUMBER: 5 

CATEGORIES OF MAN-MACHINE INTERACTIONS 






1 



I 

N 

1 





E 

L 

SUPERVISED 

1 , 



S 

A 

E 



D 




U 

U 

0 


0 

E 

/ 



p 

G 

P 


N 

P 

1 

COMMUNICATE 

M 

p 

M 

E 

G 


E 


INFORMATION 

A 

0 

E 

R 

R 

0 

N 



N 

R 

N 

A 

0 

R 

D 



U 

T 

T 

T 

U 

B 

E 

1 


A 

E 

E 

E 

N 

I 

N 

• 


L 

D 

D 

D 

D 

T 

T 



HUMAN SUPPORT EQUIPMENT REQUIRED 

1 


A1 

A1 

A1 

A1 

A2 

A1 

A2 




Cl 3 

D4 

B3 

A5 

D5 

A5 

/ _ i 



D4 

05 

D5 

A6 

D6 

A6 






D5 

Fll 

D3 

i X' * 






D6 


D6 

/ “ 

I V A 





FI 1 


07 

! 







D8.F12* 

/rp 

/ 


. 









A1 

A1 






/ i 


B1 

B1 






. 


Cl 3 

Cl 3 









D4 




- 


/ . . , 

EVA 

. 

- 






* l 

t _ 










EXAMPLE - Transmt Data 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERATED 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Verbal Voice Comunication 
Voice Activated Comunication Systen 
Intercon Voice Comunication 
Ccrmand/Control of Renote Manipulator Systen 
Comanded Data Link Transmssion 
Comanded Data Link Transmssion 
Spacecraft Autonomous Data Link Transmssion 


Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 



1 


MCOOVVtLL OOUOL43 
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SUPPORT EQUIPMENT REQUIPEMFNTS 


ACTIVITY NUMBER: 6 


CATEGORIES OF MAN-MACHINE INTERACTIONS 


COMPENSATORY 

TRACKING 


SUPERVISED 


HUMAN SUPPORT EQUIPMENT REQUIRED 


I V A 


P2 

A1 

A2 

A5 

A6 

mm 

A5 

A6 

D3 

D6 

D3 

D5 

FI 1 

D6 

D6 


D7 

FI 1 


D8.F12* 


EXAMPLE: Antenna Lock-on and Track TDRSS 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERATED 

SUPER'/ ISFD GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Not Applicable 

Not Applicable 

Hot Applicable 

Not Applicable 

Conrnand Auto Track System 

Comand Auto Track Systen 

Pre-programned Auto Track Systen 


♦Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 


/MCOO/V^CLL OOUCL4 3 
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SUPPORT EQUIPMENT REQUIREMENTS 


i 

i 


I 

i 


I 



ACTIVITY NUMBER: 7 

CATEGORIES OF MAN-MACHINE INTERACTIONS 













fl 

SUPERVISED 

I 

N 



S 

A 

mm 



D 



U 

U 

0 


TJ 

E 




G 

P 


N 

P 

COMPUTE DATA 

M 


M 

E 

G 


E 


A 


E 

R 

R 

0 

N 


N 

R 

N 


0 

R 

D 


U 


T 


U 

B 

E 


n 


E 


N 

I 

N 


1 


D 

D 

n 

i/ 

T 

T 


HUMAN SUPPORT EQUIPMENT REQUIRED 


A1 

A1 

A1 


A2 

A1 

A2 



C8 

Cl 3 


A6 

D5 

A5 



Cl 3 

DIO 


A7 

DIO 

A6 






D5 

FT 0 

D7 






F10 


D8.F12* 

I V A 





- 



EVA 









EXAMPLE - Determine Spacecraft Position Fron Sensor Data 


MANUAL 
SUPPORTED 
AUGMENTED 
TFLEOPERATED 
SUPERVISED GROUND 
. SUPERVISED ON-ORBIT 
INDEPENDENT 


Manual Computation 
Use of Hand Computation Equipment 
Computer Aided Computation 
Not Applicable 

Command Software Program Computation 
Command Software Program Computation 
Self- initiated Software Program For Computation 


* Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 




E-1 1 




















- 1 
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SUPPORT EQUIPMENT REQUIREMENTS 


ACTIVITY NUMBER: 8 


CATEGORIES OF MAN-MACHINE INTERACTIONS 



EXAMPLE - Confira/Veri fy Solar Array Deploynent 


MANUAL 
SUPPORTED 
AUGMENTED 
TELEOPERATED 
SUPERVISED GROUND 


- Visual Look 

- Visual Look Aided By Status Indicator 

- Display Of Go/No-Go With Audio No-Go Signal 

- Verify With Pemote T.V. (T.fl.S.) 

- Comand Verification with P.enote T.V. 


.SUPERVISED ON-OPRIT - Comand Verification with Rerote T.V. 


INDEPENDENT 


- Auto Status With Self Fix For No-Co Indication 


* Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 


MCOOtVAtBi-L. OGUC2LA9 
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SUPPORT EQUIPMENT PEQUIPEMENTS 




I 


< 


I 




•*— 










ACTIVITY NUMBER: 9 


CATEGORIES OF MAN-MACHINE INTERACTIONS 







T 



I 

N 






E 

L 

SUPERVISED 

■ r 



S 

A 

E 



D 




u 

U 

0 


0 

E 




P 

G 

P 


N 

P 

1 

CONNECT/DISCONNECT 

M 

P 

M 

E 

G 


E 

* 

ELECTRICAL 

A 

0 

E 

R 

P. 

0 

N 


INTERFACE 

N 

R 

N 

A 

0 

R 

D 



U 

T 

T 

T 

U 

B 

E 

; 


A 

E 

E 

E 

N 

I 

N 

i > 


L 

D 

D 

D 

D 

T 

T 

- 


HUMAN SUPPORT EQUIPMENT REQUIRED 

J 


A1 

A1 

A1 

A1 

A2 

A1 

A2 



C2 

C2 

Cl 

D5 

A5 

05 

A5 

-r - 



Cl 3 

Cl 3 

E3 

A6 

D6 

A6 

J 






D5 

FI 1 

D3 







D6 


D6 

i 

( 

I V A 





FI 


D7 

D3.F12* 



A1 

A1 

A1 





t 


B1 

B1 

B1 







C2 

C2 

Cl 







Cl 3 

Cl 3 

C13 





• • 

EVA 







- 

1 

i 










i EXAMPLE - Electrical Interface Connector Plate 

i 


MANUAL 
SUPPORTED 
AUGMENTED 
TELEOPERATED 
SUPERVISED GROUND 


- Manual Ratchet 

- Manual Ratchet with Restraints 

- Power Tool Application 

- T.M.S. Activated Ratcheting Operation 

- Mechanized Drive Operation 


SUPERVISED ON-ORBIT - Mechanized Drive Operation 


INDEPENDENT - Mechanized Drive Operation 


* Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 


"N. I 


/''V' 


E-13 



SUPPOPT EQUIPMENT PEQUIPEMENTS 



rv 


ACTIVITY NUMBER: 10 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





I 



I 

N 





E 

L 

SUPERVISED 



S 

A 

E 



D 



U 

U 

0 


0 

E 



p 

G 

P 


N 

P 

CONNECT/DISCONNECT 

M 

p 

M 

E 

G 


E 

FLUID INTERFACE 

A 

0 

E 

R 

R 

0 

II 


H 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

N 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPORT EQUIPMENT REQUIRED 


A1 

A1 

A1 

A1 

A2 

A1 

A2 


C2 

C2 

Cl 

- D5 

A5 

D5 

A5 



Cl 3 

Cl 3 

E3 

A6 

D6 

A6 






D5 

FIT 

D3 






D6 


D6 

I V A 





FI 1 


D7 

D8,F12* 


A1 

A1 

A1 






Bl 

Bl 

Bl 






C2 

C2 

Cl 






Cl 3 

C13 

Cl 3 





EVA 

• 








EXAMPLE - Fluid Interface Connector Plate 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPFPATED 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Manual Ratchet 

Manual Patchet with Restraints 
Power Tool Application 
T.M.S. Activated Ratcheting Operation 
Mechanized Drive Operation 
Mechanized Drive Operation 
Mechanized Drive Operation 


♦Considered as one iten of support equipment 
D3 - Computer Hardware 
F12 - Associated Software 



MCOOArMU 
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SUPPOPT EQUIPMENT REQUIREMENTS 


ACTIVITY NlflBER: 11 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





T 








E 

L 

SUPERVISED 

I 

N 



S 

A 

E 



D 



U 

U 

0 


0 ' 

E 



p 

G 

P 


N 

P 

CORRELATE DATA 

M 

p 

M - • 

E 

G 


E 


A 

0 

E 

R 

R 

0 

N 


N 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

N 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPOPT EQUIPMENT REQUIRED 


A1 

A1 

A1 


A 2 

A1 

A2 



Cl 3 

Cl 3 


A3 

D5 

A5 




D5 


AS 

F9 

A6 




F10 


D5 


D7 






F9 


D8.F12* 

I V A 








E V A 







- 


EXAMPLE - Perfom An Evaluation To Correlate Data Obtained Frcn An Orbital Experiment 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPEP.ATED 

SUPERVISED GROUND 

SUPERVISED 0N-0R3IT 

INDEPENDENT 


Visual Or Long Hand Derived Evaluation 

Visual Or Long Hand Derived Evaluation With Restraints 

Evaluation Performed With Aid Of Computer 

Not Applicable 

Software Performed Evaluation 
Software Performed Evaluation 
Software Performed Evaluation 


* Considered as one item of support equipment 
D8 - Computer Haidware 
F12 - Associated Software 



SUPPORT EQUIPMENT PEQUIPEMENTS 


✓ 


I 


/ 
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ACTIVITY NUMBER: 12 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





I 



I 

N 





E 

L 

SUPERVISED 



S 

A 

E 



D 



u 

U 

0 


— o — 

E 



p 

G 

P 


H 

P 

DEACTIVATE/ 

M 

p 

M 

E 

G 


E 

TERMINATE SYSTEM 

A 

0 

E 

R 

R 

0 

11 

OPERATION 

N 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

N 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPORT EQUIPMENT REQUIRED 


A1 

A1 

A1 

A1 

A2 

A1 

A2 


C8 

C8 

C9 

CIO 

A5 

D5 

A3 



C13 

Cl 3 

D5 

A6 

D6 

A4 





D6 

D5 

FI 1 

AS 






D6 


A6 

I V A 





FI 1 


D3 

D6 








D7 

D8.F12* 


A1 

A1 

A1 






B1 

B1 

B1 






C8 

C8 

C9 




- 


Cl 3 

Cl 3 

C13 





EVA 









EXAMPLE - Deactivate Canera/ Inaging Equipnent 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEDPEPATED 

SUPERVISED GROUND 

SUPERVISED ON-OPBIT 

INDEPENDENT 


- Deactivate 35rn Canera 

- Deactivate 35rn Canera 

- Deactivate Video Ca.iera Fron Cor. sole With Rotary Selector Switch 

- Deactivate Renote Video Canera 

- Deactivate Renote Video Canera 

- Deactivate Penote Video Canera 

- Deactivate Imaging System 


* Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 




AfCOO^rVCtX. OOKJOL.A9 
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SUPPORT EQUIPMENT REQUIREMENTS 



/ 




MANUAL 

SUPPORTED 

AUGMENTED 

TELECPEPATED 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


- Decode Sanple Meter Reading 

- Decode Auditory Warning Signal 

- Decode Complex Data Format 

- Not Applicable 

- Decode Connand Fron Ground Control 

- Decode Comand Fron On-Orbit Control 

- Auto Comand From Sel fcontroll ed and Monitoring Systen 


‘Considered as one item of support equipment 
03 - Computer Hardware 

F12 - Associated Software 
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SUPPORT EQUIPMENT REQUIREMENTS 


ACTIVITY NUMBER: 14 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





1 








E 

L 

SUPERVISED 

I 

N 



S 

A 

E 



D 



U 

U 

0 


' 0 

E 



P 

G 

P 


N 

P 

DEFINE PROCEDURES/ 

M 

P 

M 

E 

G 


E 

SCHEDULES/OPERATIONS 

A 

0 

E 

R 

R 

0 

M 


N 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

N 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPORT EQUIPMENT P.EQUIPED 


A1 

A1 

A1 


A 2 

A1 

A2 



Cl 3 

Cl 3 


A5 

D5 

A5 




D7 


A6 

D7 

A6 






D5 

FI 1 

D3 






D7 


D7 

I V A 





FI 1 


D8.F12* 

EVA 









EXAMPLE - Define Procedures For Troubleshotmg A Faulty Component 


MANUAL 

SUPPOPTED 

AUGMENTED 

TELEOPEPATED 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Crewman Drtemi nation Of Procedures 
Crei/nan Restrained-Detemination Of Procedures 
Computer Aided Procedure Determination 
Not Applicable 

Connanded Software Generation Of Procedures 
Commanded Software Generation Of Procedures 
Self-Initiated Software Generation Of Procedures 


‘Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 
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SUPPORT EQUIPMENT REQUIREMENTS 


ACTIVITY NUMBER: 15 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





l 



I 

N 





L 

SUPERVISED 


• 

S 

A 

E 



D 



U 

U 

0 


0 

E 



P 

G 

P 


N 

P 

DEPLOY/RETRACT 

M 

P 

M 

E 

G 


E 

APPENDAGE 

A 

0 

E 

R 

R 

0 

N 


N 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

II 


L 

D 

D 

D 

D 

T 

T 


HLMAN SUPPORT EQUIPMENT REQUIRED 





A1 

A2 

A1 

A2 





D5 

A5 

05 

A5 





E3 

A6 

06 

A6 






D5 

Fll 

D3 






D6 


D6 

I V A 





Fll 


D7 

D8.F12* 


A1 

A1 

A1 






B1 

B1 

B1 






C2 

C2 

Cl 






Cl 3 

Cl 3 

Cl 3 





EVA 

















EXAMPLE - Deploy Solar Array 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERATED 

SUPERVISED GROUND 

SUPERVISED ON-OPBIT 

INDEPENDENT 


Manually Hand Cranked 

Manually Hand Cranked Aided l/ith Restraint 

Power Tool Assisted 

Not Applicable 

Mechanized Drive 

Mechanized Drive 

Mechanized Drive 


♦Considered as one item of support equipment 
08 - Computer Hardware 
F12 - Associated Software 
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SUPPORT EQUIPMENT REQUIREMENTS 


ACTIVITY NUMBER: 16 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





i 

E 

L 

SUPERVISED 

I 

N 



S 

A 

E 



D 



u 

u 

0 


0 

E 



p 

G 

P 


N 

P 

DETECT CHANGE IN 

M 

p 

M 

E 

G 


E 

STATE OR CONDITION 

A 

0 

E 

R 

R 

0 

N 


N 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

H 

I 

N 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPORT EQUIPMENT REQUIPED 


A1 

A1 

A1 

A1 

A2 

A1 

A2 



Cl 3 

D5 

D5 

A5 

05 

A5 




Cl 3 

D6 

A6 

D23 

A6 





El 

D5 

Fll 

D7 






D23 


D8 

I V A 





FI 1 


D8.F12* 

D23 


A1 

A1 

A1 






B1 

B1 

B1 






Cl 3 

Cl 3 

C6 








Cl 3 





EVA 

• 

• 







EXAMPLE - Detect Change In Condition Of Solar Array Elenents 


MANUAL 
SUPPORTED 
AUGMENTED 
TELEOPERATED 
SUPERVISED GROUND 


- Visual Determination 

- Visual Determination Aided l/ith Pestraint 

- Electrical Test Set Checkout 

- OMV TV Inspection 

- Coroanded Monitoring Of Solar Array Power Generation 


SUPERVISED ON-ORBIT - Comanded Monitoring Of Solar Array Power Generation 
INDEPENDENT - Automatic Monitoring And Detection Of Solar Array Power Output 


* Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 


r~V 

MCOOiy-VKLL. OOUOL/59 
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I 
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SUPPORT EQUIPMENT REQUIREMENTS 


ACTIVITY NUMBER: 17 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





r 








E 

L 

SUPERVISED 

I 

N 



S 

A 

E 



D 



U 

U 

0 


0 

E 



P 

G 

P 


N 

P 

DISPLAY DATA 

M 

P 

M 

E 

, G 


E 


A 

0 

E 

R 

R 

0 

N 


N 

R 

N 

A 

0 

P. 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

N 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPORT EQUIPMENT REQUIRED 


A! 

A1 

A1 

A1 

A2 

A1 

A2 



D5 

C9 

D5 

A5 

D5 

A3 



Cl 3 

Cl 3 

El 

A6 

FI 0 

A5 




D5 


D5 


A6 






F10 


D7 

I V A 







D8.F12* 

EVA 







- 


EXAMPLE - D'. splay Daily Mission Activity Log 


r 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPEPATED 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Obtain Pre-printed Mission Activity Log 
Obtain Pre-printed Mission Activity Loq 
Obtain Logs Via Simple Computer Display 
Obtain Logs Via Data Link Fron A Penote Station 
Computer Displayed Activity Logs 
Computer Displayed Activity Logs 
Computer Displayed Activity Logs 


* Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 



MCOO/VWELL OOt/GL/1U 
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SUPPORT EQUIPMENT REQUIREMENTS 



MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERATED 

SUPERVISED GROUND 

SUPERVISED ON-OPB1T 

INDEPENDENT 


Visual Examination 

Visual Examination With Use Of Restraints 
Use Of Electronic Monitoring Equipment 
Examine/Inspect by Use of CCTV System 
Not Applicable 

Exam no Printout Eron Instrumented Pat 
Not Applicable 


ry 
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SUPPORT EQUIPMENT REQUIREMENTS 



V) 


ACTIVITY NUMBER: 20 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





I 



I 

H 





E 

L 

SUPERVISED 



S 

A 

E 



D 



u 

U 

0 


0 

E 



p 

G 

P 


N 

P 

IMPLEMENT 

M 

p 

M 

E 

G 


E 

PROCEDURES/SCHEDULES 

A 

0 

E 

R 

R 

0 

N 


N 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

N 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPORT EQUIPMENT REQUIRED | 


A1 

A1 

A1 

A1 

A2 

A1 

A2 



Cl 3 

Cl 3 

D5 

A5 

D5 

A5 




D7 

E3 

A6 

D6 

A6 






D5 

FI 1 

D3 






D6 


D6 

I V A 





FI 1 


D7 

DS.F12* 


A1 

A1 







B1 

B1 







Cl 3 

C13 






EVA 







- 


EXAMPLE - Inplenent Procedures To Troubleshoot A Faulty Conponent 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPEP.ATED 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Vocal Cormand To Inplenent 
Manually Inplenent Procedures Fron Restraints 
Computer Aided Implementation Of Maintenance Procedures 
Implement Procedures Through Use Of TMS 
Corinand Software Implementation Of Procedures 
Comand Software Implementation Of Procedures 
Self-Initiated Software Inplerier tation Of Procedures 


* Considered as one item of support equipment 
D8 - Computer ' "Iware 
F12 - Associated Software 



AfCOOW/VCLL OOUGM9 
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SUPPORT EQUIPMENT REQUIREMENTS 



MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERATED 

SUPFPVISED GROUND 

SUPERVISED ON-ORBIT 

INPl.’ENDENT 


Visual Flip-Through For Specific Checklist 
Auto Flip-Through For Specific Checklist 
Call Up Procedure From Computer Data Dank 
Not Applicable 

Comand Maintenance Procedure For An Identified Failed Iten 
Conmand Maintenance Procedure For An Identified Failed Iten 
Auto Comand For Detection Procedure For A Failed Iten 


* Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 


MCDO.V/VFtL OOUCI.A9 
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SUPPORT EQUIPMENT REQUIREMENTS 


/ 


rr 


! ACTIVITY NUMBER: 22 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





r 



I 

N 





E 

L 

SUPERVISED 



S 

A 

E 



D 



U 

U 

0 


0 

E 



P 

G 

P 


N 

P 

INSPECT/OBSERVE 

M 

P 

M 

E 

G 


E 


A 

0 

E 

R 

R 

0 

N 


N 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

H 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPOPT EQUIPMENT PEQUI RED j 


A1 

A1 

A1 

A1 

A2 

A1 

A2 



Cl 3 

CIO 

B3 

A3 

A5 

A3 




Cl 3 

CIO 

A5 

D5 

A5 





D2 

A6 

D6 

A6 






D5 

FI 1 

D3 

I V A 





D6 
FT 1 


D6 

D7 








D8.F12* 


A1 

A1 

A1 






B1 

B1 

B1 






Cl 3 

Cl 3 

CIO 








Cl 3 





EVA 









EXAJ1PLE - Hake Observation Of Solar Activity 


MANUAL 
SUPPORTED 
AUGMENTED 
TELEOPERATED 
SUPERVISED GROUND 


- Visual Observation 

- Visual Observation With Restraints 

- Visual Observation Aided By Solar Viewer 

- External Video Camera Operation On PMS 

- Commanded IR Viewing System 


SUPERVISED ON-ORBIT - Commanded IR Viewing System 

INDEPENDENT - Commanded IR Viewing By Preprogrammed Conmand Signal 


♦Considered as one item of support equipment 
D3 - Computer Hardware 
F12 - Associated Software 


/T*' 
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SUPPORT EQUIPMENT REQUIREMENTS 


ACTIVITY NUMBER: 23 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





T 



I 

N 





E 

L 

SUPERVISED 



S 

A 

E 



D 



u 

U 

0 


U 

E 



p 

G 

P 


N 

P 

MEASURE (SCALE) 

M 

p 

M 

E 

G 


E 

PHYSICAL DIMENSIONS 

A 

0 

E 

R 

P. 

0 

N 


N 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

N 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPORT EQUIPMENT REQUIRED 


A1 

A1 

A1 

A1 

A2 

A1 

A2 


C8 

C8 

Cl 3 

D5 

A5 

D5 

A5 



Cl 3 

D23 

D23 

A6 

D6 

A6 





E3 

D5 

D23 

D6 






D6 


D7 

I V A 







D8.F12* 

D23 


A1 

A1 

A1 






B1 

B1 

B1 






C8 

C8 

C13 






Cl 3 

Cl 3 

D23 





EVA 









EXAMPLE - Determne Distance Between Spacecraft And Desired Target 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERA TED 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


- Visual Determination 

- Visual Determination Aided By COAS (Crew Optical Alignment Sight) 

- Determination By Radar System 

- Determination By Remote Sensor/Visual Systen 

- Comanded Telemetry Data 

- Comanded Telenetry Data 

- Preprogrammed Signal For Commanded Telenetry Data 


* Considered as one item of support equipment 
D8 - Computer Hardware 
D12 - Assoc 1 ated Software 


ry 
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ACTIVITY DUMBER: 24 


SUPPORT EQUIPMENT REQUIREMENTS 


CATEGORIES OF MAN-MACHINE INTERACTIONS 


SUPERVISED 


PLOT DATA 


I V A 


Mall 


HUMAN SUPPORT EQUIPMENT REQUIRED 


A2 

A1 

A2 

A3 

D5 

A3 

A4 

F10 

A4 

A5 


A5 

A6 


A5 

D5 


07 

F10 


DS.F12* 


EVA 


EXAMPLE - Plot Experiment Derived Data For Evaluation Purposes 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERATED 

SUPERVISED GROUND 

SUPERVISED CN-OPBIT 

INDEPENDENT 


- Manual Plot 

- Manual Plot With Hand Calculator And Restraint Aid(s) 

- Use Conputer To Plot Data 

- Not Appl icable 

- Comand Conputer To Plot Routine 

- Comand Conputer To Plot Routine 

- Preprograms Signal To Comand Conputer To Plot Routine 


Considered as one Her of support equipment 
D8 - Co-outer Hardware 
FI 2 - Associated Softer? 


MC«ov/vrt^ ooufit/i ■* 




























SUPPORT EQUIPMENT REQUIREMENTS 


ACTIVITY NUMBER: 25 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





m 








-H 

SUPERVISED 

I 

N 



S 

A 

IKS 






U 

U 

IBS 


0 




P 

G 

iKfli 


N 


POSITION MODULE 

M 

P 

M 


G 




A 

0 

E 

R 

P. 

0 

N 


N 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

N 


L 

D 

0 

D 

D 

T 

T 


HUMAN SUPPOPT EQUIPMENT PEQL'IPEP 


A1 

A1 

A1 

A1 

A2 

A1 




C13 

C8 

05 

A5 

D5 





Cl 3 

E3 

A6 

D6 







05 

Fll 







D6 



I V A 





Fll 




A1 

A1 

A1 






B1 

B1 

B1 






Cl 3 

Cl 3 

C8 








Cl 3 





EVA 

• 







- 


EXAM p L£ - Position Sample Material Container In Its Installation Position In 
Material Processing Experiment 


MANUAL 

SUPPOPTED 

AUGMENTED 

TELEQPERATED 

SUPERVISED GROUND 

SUPEPVISED CN-CPBIT 

INDEPENDENT 


Manually Installed 

Manually Irstalled With Aid Of Restraints 
Installation Aided By Deployable Positioning Device 
Installed Renotelv By T11S 
Ground Co~^anded Carousel Positioning Device 
Orbital Ccrmand of Carousel Positioning Device 
Not Applicable 




ex 
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SUPPORT EQUIPMENT REQUIREMENTS 


ACTIVITY NUMBER: 26 


CATEGORIES OF MAN-MACHINE INTERACTIONS 


SUPERVISED 


PRECISION 
MANIPULATION 
OF OBJECTS 



HUMAN SUPPORT EQUIPMENT REQUIRED 



EXAMPLE - Precise Alignment Of Optical Viewing Device 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERATED 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Manual Hand Adjustment 

Manual Adjustment Aided By Mechanical Screw Adjuster - 

Fine Adjustment Aided By Electro-optical Alignment Device 

Not Applicable 

Not Applicable 

Not Applicable 

Not Applicable 


ru OOUOL^H 
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SUPPORT EQUIPMENT REQUIREMENTS 


ACTIVITY NUMBER: 27 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





T 








E 

L 

SUPERVISED 

I 

N 



S 

A 

E 



D 



u 

U 

0 


0 

E 



p 

G 

P 


N 

P 

PROELEM SOLVING/ 

M 

p 

M 

E 

G 


E 

DECISION MAKING/ 

A 

0 

E 

R 

R 

0 

N 

DATA ANALYSIS 

N 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

N 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPORT EQUIPMENT REQUIRED 


A1 

A1 

A1 

A1 

A2 

A1 

A2 


C2 

C2 

C2 

B3 

A5 

D5 

A5 



Cl 3 

C6 

D5 

A6 

D23 

A6 




Cl 3 


D5 

FID 

D7 






D23 


D8.F12* 

I V A 





FiO 


D23 


A1 

A1 

A1 






B1 

B1 

B1 






C2 

B2 

C2 






Cl 3 

C13 

C6 








Cl 3 





EVA 









EXAMPLE - Troubleshoot/Fault Isolate Malfunction In Failed Unit 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPEPATED 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

It.UFPENDENT 


Manually Troubleshoot 

Manually Troubleshoot With Aid Of Restraints 
Use Test Set For Fault Isolation 
Troubleshoot Penote Iten Utilizing P.MS 
Comand Fault Isolation Progran 
Corrtand Fault Isolation Progran 

Preprogramed Signal To Connand Fault Isolation Progran 


* Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 
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SUPPORT EQUIPMENT REQUIREMENTS 


ACTIVITY NUMBER: 29 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





T 



I 

N 





E 

L 

SUPERVISED 



S 

A 

E 



D 



u 

U 

0 


0 

E 



p 

G 

P 


N 

P 

RELEASE/SECURE 

M 

p 

M 

E 

G 


E 

MECHANICAL 

A 

0 

E 

R 

R 

0 

N 

INTERFACE 

N 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

N 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPORT EQUIPMENT REQUIRED 


A1 

A1 

A1 

A1 

A2 

A1 

A2 


C2 

C2 

Cl 

D5 

A5 

D5 

A5 



Cl 3 

Cl 3 

E3 

A6 

P6 

A6 






05 

FIT 

D3 






D6 


D6 

I V A 





FI 1 


D7 

D8.F12* 


A1 

A1 

A1 






B1 

B1 

B1 




, 


C2 

C2 

Cl 






Cl 3 

Cl 3 

Cl 3 





EVA 









EXAMPLE - Release Latching Mechanism 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERATED 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Manual Activation 
Manual Activation IMth Pestraints 
Activation With Use Of Power Tool 
TMS Operation To Activate Mechamsn 
Connand Signal To Activate Mechamsn 
Comand Signal To Activate Mechamsn 

Preprogramed To Cornand A Signal To Activate Mechamsn 


* Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 


MCOOJVWCLL DOUGL45 




E 33 



SUPPORT EQUIPMENT REQUIREMENTS 


ACTIVITY HUMBER: 30 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





1 



1 

N 





E 

L 

SUPERVISED 



S 

A 

E 



D 



u 

U 

0 


O' 

E 



P 

G 

P 


N 

P 

REMOVE MODULE 

M 

P 

M 

E 

G 


E 


A 

0 

E 

R 

R 

0 

N 


N 

R 

N 

A 

0 

P. 

D 


U 

T 

T 

T 

u 

B 

E 


A 

E 

E 

E 

N 

I 

N 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPORT EOUIPMENT REQUIRED 


A1 

A1 

A1 

A1 

A2 

A1 




Cl 3 

C8 

B3 

A5 

D5 





Cl 3 

D5 

A6 

D6 







05 

Fll 







D6 



I V A 





Fll 




A1 

A1 

A1 






B1 

B1 

B1 






Cl 3 

Cl 3 

C8 








Cl 3 





EVA 


- 







EXAMPLE - Remove A Sample Material Container From Its Mounting Location, Mechanical 
Interface Has Been Released 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPEPATED 

SUPEPVISFD GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Manual Hand Action 

Manual Hand Action Aided By Restraint 
Penoval Of Module 1/ith Special Tool 
RMS Utilized To Grasp And Remove Module 
Ground Commanded Carousel Device 
Orbital Command of Carousel Device 
Not AppI icable 


MCOOANVCU OOl/CL/tS 
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SUPPORT EQUIPMENT REQUIREMENTS 


/ 

/ 


£ 


\ 



ACTIVITY NUMBER: 31 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





1 


' 






E 

L 

SUPERVISED 

I 

N 



S 

A 

E 



D 



U 

U 

0 


0 

E 



P 

G 

P 


N 

P 

REMOVE/REPLACE 


P 

M 

E 

G 


E 

COVERING 

A 

0 

E 

R 

R 

0 

N 


N 

R 

N 

A 

0 

P. 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

N 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPORT EQUIPMENT REQUITED 


A1 

A1 

A1 

A1 

A2 

A1 

A2 


C2 

C2 

Cl 

Do 

A5 

D5 

A5 



Cl 3 

Cl 3 

E3 

A6 

D6 

A6 






D5 

Fll 

D6 






D6 


D7 

I V A 





FI 1 


D8.F12* 


A1 

A1 

A1 






B1 

B1 

B1 






C2 

C2 

Cl 






Cl 3 

Cl 3 

Cl 3 





EVA 







■ 


EXAMPLE - Penove Cover For Optical Telescope Systen 


i 


\ 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPEPATED 

SUPERVISED GROUND 

SUPERVISED ON-OPBIT 

INDEPENDENT 


Manual Removal 

Manual Removal Aid By Restraints 
Renoval Aided By Power Tool 
Aided By TMS Penoval Operation 
Conmand Opening Of Optical Covering 
Connand Opening Of Optical Coverinq 

Preprogrammed Signal To Command Opening Of Optical Covering 


♦Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 


/r 


MCOOWA/CU. DOI/C14S 


ry 
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SUPPORT EQUIPMENT REQUIREMENTS 


ACTIVITY NUMBER: 32 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





I 








E 

L 

SUPERVISED 

I 

N 



S 

A 

E 



D 



u 

U 

0 


0 

E 



p 

G 

P 


N 

P 

REPLACE/CLEAN 

M 

p 

M 

E 

G 


E 

SURFACE 

A 

0 

E 

R 

R 

0 

N 

COATINGS 

N 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

N 

I 

N 


L 

D 

D 

D 

D 

T 

T 


HUMAN SUPPORT EQUIPMENT REQUIRED 


A1 

A1 

C7 

D5 





C2 

C2 

A1 

A1 






Cl 3 

Cl 3 

E3 








C7 




I V A 









B1 

B2 

B1 




- 


A1 

A1 

Cl 2 






Cl 3 

B1 

A1 






C2 

Cl 3 

Cl 3 







C2 

C7 





EVA 









EXAMPLE - Clean Radiator Surface Coating 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERATED 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Manually Clean With Simple Tools 
Manually Clean Large Areas, Use MMU For EVA 

Use Power Cleaning Apparatus On MFR (Manipulator Foot Restraint) 

Use TMS With Power Cleaning Apparatus 

Not Applicable 

Not Applicable 

Not Applicable 
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SUPPORT EQUIPMENT REQUIREMENTS 



/ 

/ 


/ 



MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPEPATED 

SUPERVISED GROUND 

SUPERVISED ON-OPBIT 

INDEPENDENT 


Manually Hand Punp Fluid Into Systen 
Manually Hand Punp Fluids Into Systen Aided By 
Utilize Fluid Recharge Kit 
TMS Operation With Fluid Recharge Kit 
Connand Fluid Transfer From Reserve To Systen 
Comand Fluid Transfer Fron Peserve To Systen 
Auto-Ccrmand To Transfer Fluid Fron Peserve To 


Restraints 


Systen 


* Considered as one item of support equipment 
D8 - Computer Haroware 
F12 - Associated Software 



MClJOlV/VCtL DOUGLAS 
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SUPPORT EQUIPMENT REQUIREMENTS 



EXAMPLE - Record Observational Pata 


MANUAL - Manual Record 

SUPPORTED - Manual Record Aided By Restraints 

AUGMENTED - Use Of Conputer To Record Data 

TELEOPERATED - Off/ Video Recording Of Data 

SUPERVISED GROUND - Command Recording Of Data 

SUPERVISED ON-OPBIT - Command Pecording Of Data 

INDEPENDENT - Auto-Connand Signal To Record Data 

♦Considered as one item of support equipment 
D8 - Computer Hardware 
F12 - Associated Software 
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EXAMPLE - Obtain Tissue Sample From Subject 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERATEO 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Manual Use Of Simple Surgical Instrument 

Special Surgical Tool /Instrument 

Use Microscope To Aid Removal Of Tissue 

Not Applicable 

Not Applicable 

Not Applicable 

Not Applicable 


mcdo/v\ art!. ooooMfl 


a/ 
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SUPPORT EQUIPMENT REQUIREMENTS 
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ACTIVITY NUMBER: 36 

CATEGORIES OF MAN-MACHINE INTERACTIONS 





i 








E 

L 

SUPERVISED 

I 

N 



S 

A 

E 



D 



u 

U 

0 


U 

E 



p 

G 

P 


N 

P 

TRANSPORT LOADED 

M 

P 

M 

E 

G 


E 


A 

0 

E 

R 

R 

0 

N 


H 

R 

N 

A 

0 

R 

D 


U 

T 

T 

T 

U 

B 

E 


A 

E 

E 

E 

H 

I 

N 


L 

0 

0 

D 

D 

T 

T 


HUMAN SUPPORT EQUIPMENT REQUIPED 


A1 

A1 


Al 






Cl 3 


B3 







' 

D5 




I V A 









A1 

A1 

Al 






B1 

B1 

B1 






Cl 3 

Cl 3 

B2 







•4 

•tn 





EVA 









EXAMPLE - Transport Replaceable Unit To Its Installation Location 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPERATEO 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Manual Translation 

Manual Translation With Tethers And Handholds 

Translation With MMU 

Translation With RMS 

Not Appl 1 cable 

Not Appl icable 

Not Applicable 


NOTE: Transport Loade d operations beyond the non.ial working environment (e g. , to 

geosynchronous orbit) could require many hours. In the foreseeable future 
such activities would be performed only in the Su pervised or Independent 
modes. Ther fore in the THURIS study costing analyses, transport operations 
beyond the normal working environment were not considered. 
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SUPPOPT EQUIPMENT REQUIREMENTS 


ACTIVITY NUMBER: 37 

CATEGORIES OF MAN-MACHINE INTERACTIONS 
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TRANSPORT UNLOADED 
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HUMAN SUPPORT EQUIPMENT PEQUIRED 
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EXAMPLE - Translate Fron Work Location To Obtain Replacement Unit 


MANUAL 

SUPPORTED 

AUGMENTED 

TELEOPEPATED 

SUPERVISED GROUND 

SUPERVISED ON-ORBIT 

INDEPENDENT 


Manual Translation 

Manual Translation With Tethers And Handholds 

Translation With MMU 

Translation With RMS 

Not Applicable 

Not Appl icable 

Not Applicable 


NOTE - Transport Unloaded operations beyond the normal working environment (e.g., 

to geosynchronous orbit) could rpquire many hours. In the foreseeable future i 
such activities would be performed only in the Supervised or Ind ependent 
inodes. Therefore in the TKURIS stuoy costing analyses, transport operations 
beyond the normal working environment were not conside r ed. 



APPENDIX F 


CUMULATIVE COSTS AS A FUNCTION 
OF NUMBER OF TIMES ACTIVITY 


IS PERFORMED FOR SEVEN MAN-MACHINE MODES 


INDEX 


Activity 0— General Case A— Teieoperated Codes A1 , D5, and El F-4 

Activity 0--General Case B— Teieoperated Cooes A1 , 05, and E3 F-5 

Activity 0--General Case C — Teieoperated Codes A1 , D5, and B3 F-6 

Activity 1--Activate/Initiate System Operation F-7 

Activity 2— Adjust/Align Elements F-8 

Activity 3— Allocate/Assiqn/Distribute F-9 

Activity 4--Apply Biomedical Sensor F-lu 

Activity 5— Conreunicate Information F-ll 

Activity 6--Compensatory Tracking F-12 

Activity 7--ComDute Data E-13 

Activity 8--Confi rm/Veri fy Procedures/Schedules/Operatior,., F-14 

Activity 9--Connect/Disconnect Electrical Interface F-15 

Activity 10--Connect/Disconnect Fluid Interface F-16 

Activity l 1 — Correlate Data ^-|7 

Activity 12— Deacti vate/Terminate System Operation F-18 

Activity 13--Decode/Encode Data F-19 

Activity 14— Define Procedures/Scnedules/Operations F-20 

Activity 15— Deploy/ detract Appenaage F-21 

Activity 16— Detect Change in State or Condition F-22 

Activity 17— Display Data F~23 

Activity 18— Gather/Replace Tools/Lqui pment F-24 

Activity 19 -Handle/Inspect/Examine Living Organisms F-25 

Activity 20— Implement Procedures/Schedules F - 26 

Activity 21 — Information Processing F-27 

Activity 22— Inspect/Gbserve F-28 

Activity 23— "easure "Scale", Physical Dimensions F-29 
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F- 30 


Activity 24— Plot Data 

Activity 25— Position Module 

Activity 26— Precision Manipulation of Oojects 

Activity 27— Problem Solving/Decision Making/Data Analysis 

Activity 28— Pursuit Tracking 

Activity 29— Release/ Secure Mechanical Interface 

Activity 30— Remove Module 

Activity 31 --Remove/Replace Covering 

Activity 32 — Replace/Clean Surface Coatings 

Activity 33— Replenisn Materials 

Activity 34— Store/Record Element 

Activity 35 — Surgical Manipulations 

Activity 36 — Transport Loaded 

Activity 37— Transport Unloaded 
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flCnviTr NiJISCR 9-C0H?£CT/DISC0N>£CT D-CCTRICf*. INTOWRCC 

anoflrivc cost vs. rRcouD«:r 

EXCLUDING OPERATIONS 







activity number io*ccw£CT/oiscovcct ratio interface 

CUMULATIVE COST V5. rRCG'JENCY 
EXCLUDING OPERATIONS 
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NUMBER Of TinCS ACTIVITY IS PERFORMED 


ACTIVITY NUICER lO-COMCCT/OISCONKECT TUIID INTERFACE 
CUMULATIVE COST VS. FHECUCNCY 
INCLUDING OPERATIONS 



l ltl 108 IXD lccra 

NUMBER Of TIMES ACTIVITY IS PERFORMED 


F 1G 




ACTIVITY NllfEER ll-CCRRELATC DATA 

cumulative cost vs. trcduency 

EXCLLQHfj OPERATIONS 



ta ica tens 

NUM3ER cr Tines ACTIVITY IS PERTCRMEO 


ACTIVITY NUMBER ll-CCRRELRTE ORTA 
CUMIH-ATIVE COST VS. PREOUDICY 
INCLUDING OPERTIONS 
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NUMBER OP TIMES ACTIVITY IS PERWiEO 
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ACTIVITY NUH3ER 15-DEPLOr/RETRACT APPENORGE 
CUMULATIVE COST VS. rREOUCNCY 
EXCLUDING OPERATIONS 




ACTIVITY NUMBER 15-CEPLOI7PCTRACT APPENOASE 
CUMULATIVE COST VS. PRCOUENCY 
INCLUDING OPERATIONS 
































DOLLARS IN MILLIONS DOLLARS IN MILLIONS 


activity number 19-kanole/inspect/examinc living organisms 

CUMULATIVE COST VS. FREQUENCY 
EXCLUDING OPERATIONS 
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ACTIVITY NUMBER 1 9 -HANDLE/ 1 NSPECT/EX AM J HE LIVING ORGANISMS 
CUMULATIVE COST VS. FREOUENCT 
INCLUDING OPERATIONS 













































flCTtVin NUM3ER 26-PRECISI0H MANIPULATION OT OBJECTS 
CUMULATIVE COST VS-. EREQUENCT 
EXCLUDING OPERATIONS 
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DOLLARS IN MILLIONS DOLLARS IN MILLIONS 




























ACTIVITY NUMBER 34-STCRE/REC0R0 ELEMENT 
CUMULATIVE COST VS. FREQUENCY 
EXCLUDING OPERATIONS 




ACTIVITY NUMBER 3-I-STORE/RECORO ELEMENT 
CUMULATIVE COST VS. FREQUENCY 
INCLUDING OPERATIONS 
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activity Kinarn 35 -trrnsport loroed 
C ttlULflTIVE COST VS. rPECUENCT 
INCLtfHNG OPERRTION'S 
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Trar sport Loaded operations beyond The normal wo» king environment (e g., to geosynchronous orb»l) could require many hours. 

In the foreseeable future such acttviti* t would be perfo^td only m Supe rvi s'd or I ndesend ^nt modes *n the THURIS s^ud,, , 
r o>tmg analyses for transport oneratiO 1 '* be> ond the normal working environment were not per termed 
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nCTIVITT NUM3ER 37-TRRNSPCRT UfS.C s £EO 
CUMULATIVE COST VS. FfiEOUO.'CT 
IKCUBIKS OPERATIONS 



Transport Unloaded operations beyond the normal working environment (c g., to geosynchronous O'bit) could require many hau~s 
In the foreseeable future, such activities would be performed only m the D. p^r vised cr Lnper^nderit modes In the THURIu study, 
costing analyses for transport operations beyond the normal working environment were not pc. formed. 
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